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EMANUEL LANDAU, Ph.D.
4601 North Park Avenue
Chevy Chase, Maryland : 20815

POSITION HELD:

1.

Coordinating Committee, Acid Rain Review,'American Statistical
Association, March 1984 to present; Staff Epidemiologist,
American Public Health Association, July 1984 to present

Project Director, Environmental Health Hazard Project,
American PUblic Health Association, January 1975 to June 1984.

Chief, Epidemiologic Studies Bfanch, Bureau of Radiological
Health, DOHEW, November 1971 to December 1974.

Epidemiologist, Office of the Assistant Administrator for
Research and Monitoring, Envirounmental Protection Agency, 1971.

Epidemiologist, Office of the Assistant Administrator for
Research and Development, Environmental Health Service, DHEW,
1969-1971. .

Statistical Advisor, Office of the Assoclate Commissioner for

Criteria and Standards Development, National Air Pollution
Control Administration, 1965 to 1969.

Chief, Laboratory and Clinical Trials Section, National Cancer
Institute, National Institutes of Health, 1962 to 1965

Chief, Biometry Section, Division of Air Pollution, PHS, 1959
to 1962.

California State Department of Public Health, 1957 to 1959.
Assigned to the Air Pollution Medical Program, PHS, as a
Supervisory Analytical Statistician.

EOUCATION:

1. Ph.D. American University, 1966 - (Evening Attendance)

2. B.A. College of the City of New York, 2/39 Graduate Work,
CCNY, 2/39 - 6/39.

3. Enrolled for M.P.H. in School of Public Health at University

of California, Berkeley, on part-time basis, did not complete
due to reassignment to Washington, O.C.
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PROFESSIONAL SOCIETIES:
Royal Society Health (Fellow)
American Public Health Association (Fellow)
Biometric Society (ENAR)
Population Association of America
American Statistical Association
Air Pollution Control Association
Society of Occupational and Environmental Heélth (Councillor)
Environmental Mutagen Society
International Association of Survey Statisticians
The Bioelectromagnetics Society.
Econometric Society

American Economic Association

HONORS:

1. Superior Service Award (DHEW) April 11, 1963, on health
~effects of air pollution.

2. WHO Temporary Advisor on Air Quality Criteria,
November-December, 1967.

3. Advisor on Air Quality Criteria, Karolinska Institute,
Stockholm, Sweden, October 1968.

4., Advisor to Department of Transportation on biological effects
of operating a fleet of supersonic planes, 1972-1974.

5. Consultant, Bureau of Radiological Health 1975-1983.

6. Consultant, EPA Environmental Criteria and Assessment,
1980-1981. '

7. Chairman, Committee on Statistics and the Environment,
American Statistical Association, 1984-1985.

8. Chairman, Committee on Biomedical Effects of Air Pollution,
Air Pollution Control Association, 1972-1980, Member,
Editorial Board, 1975-1983.

9. APHA representative to Steering Committee for Eighth Symposium
on Statistics, Law, and the Environment October 1984.
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10. Letter of Commendation, Senator Muskie 11/19/48.

12. Who's Who in the World, 1984-1985.

SITE VISITS: _
1., Participated in Site Visits for AEC and ERDA.
2. Also participated in Site visits for NIEHS.

m— -
IRy T g & e _— s S

11. Letter of.Commendation, Commissioner, NAPCA 6/20/69.
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Additional Consulting Services, 1985 to Present

1. General Motors Research Laboratories--review of epidemiologic and human
laboratory studies of exposure to ozone including briefings of environmental
staff at Warren, Michigan

2. Aerospace, Inc. and subsequently W/L Associates, Ltd., contractors to the
Department of Energy--review of health effects of exposure to e]ectromagnet1c
radiation including site visits .

3. American University grant from Department of Justice--Role of pornography
and Media violence in family violence, sexual abuse and exploitation and
Juvenile delinquency

. Enrwonmental Protection Agency--review of epidemiologic studies of effects
of part1cu13te matter

5. Chairman, ASA/EPA research conference--Current assessment of comb1ned
toxicant effects
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. S. Evass, Lance S., Lewin, Keith F., Patti, Mitchell
J.. and Cunningham, Elizabeth A. (1953), *Productivity of
Field-Grown Soybeans Exposed to Simulated Acidic Rain,™
New Phytologist, 93, 377-388.

6. Banwart, Wayne, letter dated October 14, 1983, with
updated research summary (reference to research proposal 3).

7. Irving, Paticia, letter dated October 11, 1983, with
updated plot plan (reference to research proposal 2).

8. Evans, Lance S., Dimitriadis, Leandros, and Hink-
ley, Deborah A. (1984), “Seed Protein Quantities of Field-
Grown Soybeans Exposed to Slmulaxed Amd Rmn New
Pkytalogm 97, 71-76. N 50 N

'9. Evans, Lanse S. (1984). “Demled Ducnpuon of
Acid Deposition/Agriculture Project,” unpublished report.

10. Baowart, Wayne L. (1984), “Detailed Description
of Acid Dcposmon/Agnculmm Pm;ect, unpubhsbed re-
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The key document for Project B is the research proposal
“An Approach for Estimating Effects of Acid Deposition
on Economucally Important Agnicultural Crops in the United
States,” by the Biomedical and Environmental Assessment
Division, Brookhaven National Laboratory (Sept. 1983) and
cover letter from Paul D. Moskowitz (Sept. 27, 1983).
Additional materials are as follows:

1. Medeiros, Moskowitz, Covency, and Thode, “Ox-
idants and Acid Precipitation: A Method for Identifying and
Modeling Effects on United States Soybean Yield,” paper

- preseated at the 76th Annual Meeting of the Air Pollution

~Coutrol Association, Adanta ‘GA, June 19-24, 1983, L
9. ° Medeuos, Moskomu, Coveney, Thode, tndOdcm
“Oxxdant and Acid Pmclpxtauon Effects on Soybean Yield:

Cross-sectional Model Dcvclopment " Manuscnpt subrmt-

ted to Environment International. - s

-3. " Material from Neal Odcm on autocorrclanon and

mulucollmcanty pmblcms
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JOHN R. VAN RYZIN*

lNTRODUCTION
- _ Thc FORAST Rev:ew ’I'eam was formed, as one of sev-

etal by the American Statistical Association Coordinating

" Committee in consultation with EPA/ADAS (Robert Ro-
senthal) under a cooperative agreement between ASA and
EPA for the review of statistical aspects of the EPA-spon-
sored research on the effects of acid deposition. The FOR-
AST Review Team had responsibility for reviewing the
project identified as Forest Respoases to Anthropogenic Stress
(FORAST), S. B. McLaughlin, Principal Investigator.

The team reviewed individually key documents relating
critical aspects of the research, provided by the Principal
Investigator (see Appendix).

The team thea met at the Oak Ridge National Laboratories
(ORNL) on April 25 and 26, 1984, to (a) hear further reports.
from research and sponsoring personnel, including S. B.
McLaughlin, T. J. Blasing, T. W. Doyle, and V. A. Dale
from ORNL and D. Beanen from EPA; (b) interact with
research and sponsoring personnel on statistical problems,
principles, and procedures for FORAST; and (c) develop
the initial draft of this report. Invited observers included

*Emanue! Landay, Team Capuin, is with the American Public Health
Association, 1015 tSth Saeet, N.W., Wachington, DC 2000S. Benee F.
Swinde! is Project Leader, U.S. Forest Service, and Adjunct Professor of
Forestry at the University of Florida, Gainesville, FL 32611. James R.
Thompson is Professor of Mathematical Sciences at Rice University, Hous-
ton. TX 77251. John R. Van Ryzin is Professor of Statistics at Columbia
Universin . New York, NY 10032,
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' Gary Oehlett Prmoeton Umvctsxty. and Donald C Petcr-
- son, Energy and Resource Consultants, Inc.-
This report was reviewed by the ASA Coordmatmg Com- -

mittee.

The illness of Robert Rosenthal, who had intended to put
the FORAST work into context, prevented his participation
in the evaluation.

PROJECT 2A REVIEW: REGIONALIZATION
OF THE FOREST DECLINE STUDIES

Objective

The overall objective of this review was to address ques-
tions of inferences to a regional basis of forest decline
statistics and presumed effects of acid precipitation on the
yield of forests, as obuained from research projects funded
primarily by EPA at ORNL and other institutions. The re-
gion to which the inference is to be directed is the Eastem
United States.

More specifically, the review team was to do the follow-
ing:

1. Review the statistical methods used in data analysis,

estimation of acid deposition effects, and assessment of the
precision of the estimated effects.

2. Review the usefulness and the limitations of cach set
of data to the regional inference of acid deposition effects
on forest yield.

L 1985 American Sianust:cal Associenon

' FORAST Revxew Report.,;_f




certainty for regional csumales of forcst dcclmc and on thc
adequacy for this purpose of the daux from smd:cs being
oviewel.

Review of Research

General Comments

The Committee agrees that the FORAST project does
indeed represent a feasible prospective plan to quantify the
temporal and spatial patterns of growth changes in dominant

forests’ trees at selected sites in the Eastern United States.

We are less confident of the success of attempts to determine
", the influences of climate, competition, and soil properties
on growth. The regional extrapolation of inferences from
the small number of FORAST project sites in arcas that

: bave experienced recent declmc is very difficult and seems -

.' very uncertain. .

.
i
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| ~ from each of 12 geographjc locatipns. At each location, the
"% 6 sites comprised 3 pairs; the two sites of each pair werc
sc]ected on the basis of sl and site charactcnsms to test

" Jution effects. Because only a small portion (10%) of cores
intercepted the tree pith, date of origin of the core, and

hence current tree age, is ordmanly only approxlmatcly :

deu:rmmed
: Since individual annual mcrements are used as thc mea-

'_ sure of each tree’ s response to ambient conditions each year,

"+ the investigators believed it extremely important to date
precisely (beginning at the present and working backward
as far as possible for each core) the exact year of occurrence
of each annual increment. Sometimes extreme ring depres-
sion of abnormal growth (e.g., “false™ rings occurring in
midyear because of drought or defoliation) makes dating
observed increments doubtful. Accordingly, cross dating
(consisting of matching patterns in annual variations in in-
crements from several cores) is being used to date more
precisely individual annual increments. Only a small portion
of sampled tree rings have been so cross dated. The review
team failed to understand the importance of the exact date
of the decline. It is possible that the sampling method em-
ployed may result not only in high varability but also in
systematic bias in the results. Nevertheless, it is evident
that the FORAST team is attempting to ensure precision in
measuring and accuracy in dating each annual increment
observable in approximately 14,000 increment cores com-
prising the primary response data.

Two fundamental problems are evident in the adopted
sampling plan. The age of every sample tree increased one
year every year throughout the years covered by the FOR-
AST survey. The tree size, 100, increased annually.

Overcoming biases due 10 sampling current older trees
and younger trees from the past (which ultimately survived)
could possibly benefit from a different sampling design—
such as the periodic resurveys of a random sample of trees

The American Stansticiorn,

the hypothesis that they would differ in séasitivity to pol- -
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for considering the Forest Service's data as a valuable source
of independent information on possible tee growth decline.
It may oc possible 10 requce biases due to increasing tree
size by abandoaning the current, seemingly exclusive, em-
phasis on assessing response based on annual radial incre-
ment. Since annual basal area increments tend to be constant
under uniform conditions [implying that radial mcrcmcnf‘
declines with increasing tree size (Southern Journal of Ap-
plied Forestry, Nov. 1979) under uniform conditions), it is
certainly thinkable that the annual basal area increment (cas-
ily derived from FORAS’I“measummcnr.s) should be taken
‘asthe pnncxpal measure of response. At least this alternative

N

: "* deserves serious consideration by FORAST. In addition,

FORAST data show that basal area increments are better
com:latcd wnh vanous measures of compctmon bctwecn
m . - Dlrn

FORAST surveyors comd only dommam and oodommant

e trees at least 50 years old. They are aftempting to remove
e - o . <, from the observed growth series effects of compcunou from
- The pnncxpa] sources of n'.sponsc data are standard tree

. . ring-increment cores from cach of 15 trees (greater than 50 -

~ =~ years old) for each of 6 or more species for each of 6 sites

" trees near each sample tree.-Various meastires of such com-
petition are under consideration, including direct mcasurcs’

. of stand density (including stand basal area) and measures -

.. derived from them (c g, stand biomass). Much experience .-

+-..tends to indicate that stand basal area is a good predictor . *;
“of compcuuon effects and is more easily and -accurately

‘measured (v:a prism counts) “than" alternative” prcdnctors e
FORAST investigators tend to emphasize the derived pre-
dictor stand biomass. In the absence of evidence to the
contrary, the review team suggests that measured stand basal

"- area should be cmphaswed as the best available measure of

. current competition [T. C. Nelson and E. V. Brender (1962), :
.- Forest Science, 9, 8-14] and, further, that stand basal area -,
- in the recent past might be estimable by reversing the prism:
technique described by Fender and Brock ((1963) Journal

of Forestry, 61, 109-133]. We are given to understand that

such an investigation is contemplated.

Because aging trends and assumptions regarding optimum
growth curves must be used in the analysis to determine the
percentage of growth reduction due to different tree species,
the results of the FORAST project must be viewed in the
context of the apparently limited stand modeling being per-
formed at ORNL.

The actual time series data using ring-width for the tree
ring data, combined with the use of splines to smooth the
series, appears 10 be a promising area of dendrology. It is
appropriate that the personnel on the Oak Ridge FORAST
project are applying these methods to document the growth
of the stands of the 72 sites. The users should seriously
question, however, the application of the spline functions
whenever they yield other than common-sense results. We
note, moreover, that the FORAST investigators may find it
appropriate to seck in-house consultation about the full array
of time series techniques currently available for their use.

The combination of the tree-ring series at different sites
by averaging the series using a biweight mean needs to be
further analyzed. The purpose of this average is to eliminate
the effect of outlier trees that had a sudden growth spurt
assumed to be due (o changes in stand competition. The ¢ Co
biweight mean. using a weighting of observations based on e

Noverther 1687 A\l 10 N 2P0 ] b
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should be encouraged to achieve the same result at the shgh(
expense of a loss ir theoretical efficiency. Ir any even:.
these are simpiy technicai matters easiiy dealt with.

The adjustment of the averaged and smoothed ring-width
senies for climatic effects using the Palmer drought index
by use of filtering techniques and regression equations is
not clearly spelled out. The danger in such adjustments is
that any systematic bias in the adjusted series will be at-
tributed to pollution effects at a later stage of the analysis.

Compensation for aging trends in the ring-width series is
particularly difficult. It seems that compensation needs to
" :be done prior to the averaging of the raw ring-width data
"/ for each plot. If the data are averaged first, the individual

data that would allow for the incorporation of tree aging in
the data would be lost. If the orees within the plot were of
_mughly the same age, perhaps this would not be important.

In any event, the use of optimum growth curves by the

- R e PR S

. FORAST Project team to adjust for age effects for all 34

..-speeies is likely to contribute to the  uncertainty present in . .|
“"fluences from the data are sufficient t0 providé an unam-?
- biguous time series of statistical residuals for tcsung me
influence of atmospheric pollutants. Thcy may "be useful”

', the analysis. The experimental results presented do not sug-
s ;. gest that the optimal growth curves can be used with much -

-assurance as predictors of optimal growth. There is probably

: gdata sets be tested for the influence of aging effects at each
stand by such techniques as comparing the sample repre-
senting the younger half of the trees with the older trees.
., It should be noted that the U.S. Forest Service has con-

" ducted periodic (10-year) inventories of American forests
for a half-century. More than 150,000 relocatable plots are

- . currently monitored nationwide within all forest types and

" land-ownership classes (public and private, industrial and
nonindustrial). The initial objective was the compilation of
a national timber inventory. However, the survey has con-
sistently collected data (such as radial growth measure-
ments) to provide needed information on timber growth and
montality. Current survey units have modern data processing
facilities and are committed to supplying information in
response to customized requests for it.

Clearly. this U.S. Forest Survey information is a valuable
source of additional, nationwide, long-term, and statistically
independent information on possible recent forest growth
declines. The review team urges that FORAST and EPA
not underestimate this resource as a potential mechanism
for complementing. validating. and extending geographi-
cally any statistical inferences from FORAST. We wish to
emphasize. however, that associations based on observa-
tional data alone cannot be used as the basis of causality
inference.

The regional extrapolation of the data from the FORAST
project sites is believed to be limited. Using the 72 points
developed as sites in the FORAST program, the FORAST
investigators will extrapolate over the Eastern United States.
The output that the Principal Investigator described indi-
cated the development of isopleth maps representing species
decline over broad regions. This extrapolation seems very
uncertain because of the many factors that may influence
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. lconsxderable variation in the adequacy of the growth curves
T V'that have been developed for different species. After these ‘
v&echmques have been applied, it is recommended that the -+

'Obgecuve
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from Forest Service sources. and EPA should explore how

thic could be accomplished. Furthermore. there would be
mush wisdom in pianning siies mors uniformiy n e ;..
gion. The present design is highly clustered, because of the
initial character of the proposed research.

A related issue that has not been touched is the incor:
poration of still other research results within the FORAST
project. The roles of climate stress and elevation stra{'
which are_important segments of overall envuvonmenu]
stresses, need assessment. E

" In summary, the FORAST project wx]l provxdc very we]j.

descnbed and rigorous data developed from 72 stands ig’
“-the Eastérn United Statés. Indeed, as J. W, Pratl said ofd}.e

Neyman-—Pearson formu]anon for testing statistical hy-v
potheses, “it is so ingenious and so successful that jt is”
liable t0 be credited with properties which it does not have’
and which its originators and developers have never claxmd
for it.” It is not clear, for example, that the techmques bemg
used to femove aging trends «competition, and climatic | m-

however, for the purpose of relating the series. Furrhermore €

o s:gmﬁcant associations of the residuals wnh annual vanaums
Setin aunosphenc pollutants cannot be used to infer causahry 5
=~ Extrapolation of the FORAST data over the Eastem region's

must be questioned—the development of simple xsoplet!:s3
may be misleading. ,;é

3
IPROJECT 2B REVIEW: ESTIMATION OF ACID D%
- DEPOSITION EFFECTS FROM FOREST - i
 DECLINE STATISTICS .2 .. i3

D=
Ry

The overall objective was a critical review of the use of 3
cross-sectional- analysis (multiple regression) on existing d::zz
bases (including forest damage statistics, pollution statisus. ;

and meteorological data) to develop dose-response funco
tions for acid deposition effects on forests.

. .:fn‘

General Comments

The FORAST project will provide an excellent data ba -
for documenting growth decline at specific sites selected
the Eastern U.S. forests. We encourage, however. m -
specific site-by-site. species-by-species. very recent U=

analyses to try to gain a better understanding of grow?

characteristics as they relate to pollutant levels before =~
ing much credence on the long-term models intendcd ¥
use in estimating decline in the Eastern U.S. forests! W
would also encourage modification of the highly clucc=-
pattern of site locations. We would again caution that &3+
sality comments derived from regression analyses aloes 3%

not valid.

Specific Comments

It appears that quantifying growth characterisic™ » )
site- b) site basis for each tree species and the assovi’

Vel .'9, AYTRE T AT
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and long term) is very worthwhile. The FORAST project
should be able to maks distinc: contributions to this effor.

The use oi the data anc results of e site-dy-site analyses
to project to the entire Eastern U.S. forests is more prob-
lematic. Although this may be useful from the regulatory
viewpoint, it should be cautioned that FORAST will not be
able to do these projections with good reliability using the
current data set.

The use of FORAST as input into the forest growth and
succession model for East Tennessee (FORET) for stand
simulation modeling is vague at this time, and it is hard o
say how productive this might be. The use of FORET to
examine various scenarios may be informative, but the FORET |
model should be regarded as analogous to a model of the
economy-—useful for speculation, not for prediction.

The problem of acid deposition appears complex. The
mechanism and the components are unclear at this time. An
attempt has been made to use historical series to establish

. relationships. e
A specific objcctxve of thc FORAST pl‘OjOCt isto devclop '
associations between the amount of calculated growth slow ~

down and the air pollutant history. Since areal data on acid -

.- deposition and ozone concentration levels are not available
© - prior to the mid-1970s, it was necessary to develop surrogate”
“» measures of polluuon This process. contnbutcs addmona]

ana]yue uncertainties. :

" Regarding the long-term analyscs thc main problem seems
to be poor measurements of ozone and actual acid deposition
data. The proposed combination of using the Palmer drought
index and SO; and NO; emissions data to estimate acid
deposition levels at each site on a yearly basis, which one
can then correlate with the smoothed tree-ring series, ap-
pears worth doing. Because of the crudeness and i unprecx-
sion of the acid deposition estimated series, however, it is
not clear how reliable such analyses will be or what infer-
ences are possible (especially on a regional or national level).
The problem with ozone as a factor is even more limiting.
The use of stagnation days as a surrogate is crude but may
be the best available. Here again, any inferences or corre-
lations will be difficult.

There seem to be many difficulties surrounding the use
of historical air pollutant data and surrogates. The use of
stagnation days to predict historical oxidant concentrations
appears to be dependent on relationships between current
oxidant concentrations and stagnation days. Because oxidant
formation is very complex and a function of the availability
of precursor concentrations that have changed significantly
over time, reliance on stagnation days seems problematic.
Relationships between NOy concentrations and ozone con-
centrations may not provide much definition for the oxidant
injury scale.

Even assuming that the adjustments for competition and
climatic cffects have been done approprately, it appears
that the FORAST project will have severe problems in at-
tributing the adjusted growth decline to the various possible
factors (acid rain, ozone, mineral deposition, etc.). It ap-
pears that adequate, accurate, and complete data at most of
the U.S. National Aumnospheric Deposition Program (NADP)
network stations near the stands exist only since about 1975,

Ti? <
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sition. As a result, we feel that additional attempts should

be mads tc focus on any shori-term trends in growsh sesr
since 1675 and se¢. as accurateis as possidie. now these
relate to ozone levels and deposition on a site-by-site basis.
In addition to studying long-term historical trends in tree-
ring series and how they relate 1o SO, and NO, emissions

data, surrogates for ozone levels, and drought index data °

and their combinations to estimate acid deposition effects,
. should not a short-term study with better data also be done?
" Such short-term analyses will be guides to, and supportive
of more long-term analyses: ° 4
R , ‘The FORET model, though useful as a research device

““that indicates forest stand succession and composition over
time, may be inappropriately used if it is coupled with

- FORAST output to develop quantitative estimates of stand
- composition change There are many functional forms and
a.ssumpuons in the FORET model that may require further
validation prior to its use as a predictor of quantitative changes
.. in forest stand succession. A specific problem with the FOR-
AST and FORET interface.is that the FORAST project has
growth estimates for approximately 30 species of trees,

“z.whereas the FORET model runs on approximately 70 spe- -
- cies of trees in the Eastern U.S. On the other hand, errors .
" in future stand growth rate and composmon inwoduced by - . *
':-‘_: the prediction of the future rate of tree species growth can'

. far exceed any FORET modeling errors.

Especially noteworthy is the enormous decline in sulfur .

dioxide emissions in the most polluting EPA regions. This,
we believe, is relevant to the foliowing question: Are the

: sources that produce acid rain on the decline, or are they
increasing? The FORAST data should be examined to de-
termine whether responses to sulfur dcposmon declmcs in
" the Northeastern U.S. are detectable. = .

The Committee also recommends temporal studxes of lo-
cal areas affected by sulfur dioxide pollutant, which reached
a peak and then declined, as a key to understanding the
recovery process of forests. The potential for such an in-
vestigation exists, using the Copper Hill, Cades Cove, Sud-
bury, and Trail data bases. A simple time series analysis
using sulfur dioxide levels and growth records would be not
only easy to carry out but also probably very revealing.
There are clearly a number of such studies that could be
conducted using data that need only be collated. If it should
turn out that the present sulfur dioxide levels. for example.
are below those at which Cades Cove began to recover.
then that is surely useful and imporiant information. This
would give some guide concemning safe levels of pollutaats
and the temporal relations between pollutant levels and tree
growth. However, the role of metals emitted by the smelter
may confound the results.

In conclusion. we do not believe that the proposed regres-
sion study will produce reliable unbiased estimates of the
dose effects on forests of acid deposition and ozone. Al-
though the FORAST research is clearly of a high-quality
scientific nature, it is of limited value for short-term decision
making. Extreme caution must be used in inferring causality
from the available data. We believe. however, that it may

be possible to associate forest decline with the seserity of /-

air pollution.

\
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APPENDIX: KEY RESOURCE MATERIALS

1. Mclaughlin. S. B.. Blasing. T. J.. Mann. L. K_,
and Duvick, D. N. (1983}, “Effects of Acid Rain and Gas-
eous Pollutants on Forest Productivity: A Regional Scale
Approach,” APCA Journal, 33, 1041-1049.

2. McLaughlin, S. B., West, D. C., and Blasing, T. J.
(1984), “Measuring Effects of Air Pollution Stress on
Forests Productivity: Perspectives, Problems, and Ap-
proaches,” TAPPI Journal, 67, 74-80.

3. McLaughlin, S. B. (in press), “FORAST: A Re- .
gional Scale Study of Forest Responses to Air Pollutants,” .
in Proceedings of a Symposium on Pollution and the Pro-
- ductivity of the Forest (Oct. 4-5), 1983, Washmgton.v -
4. McLaughlin, S. B., Mann, L. K., Leal, C., Kor- =
- pegay, F., and Blasing, T. 1. (1985), “Acid Dcposition':';. '

r_mpmcm JOUFCC-—KCCCP(OI’ KClauvibdiups, m.'muscnp( [t
preparation.

5. MclLaughiir., S. B. (1984), “A Brief Outline of Pro
ject Objecuives and Pnincipai Daa Anaiysis Procedures ip
the FORAST Project”™ (unpublished).

6. Phipps, R.L. (1983), “Procedure for Checking Re.
liability of Ring-Width Measurements of Collections Ob
tained for FORAST,"™ January (unpublished). N

7. McLaughlin, S. B., and Mann, L. K. (1983) “In-
terim Project Status Report for Forest Responses to An-
thropogenic Stress (FORAST),” March (unpublished). -

- »* 8. Doyle, Thomas W. (1983). “Competition andGmwﬁ,
‘f.Rclauonshnps in 'a'Mixed-Aged, Mixed- -Species Fores
- Community,” unpublished Ph.D. dtsscrtauon Umvcrsny
‘of Tcnnessce Knoxvnlle 4

The Coordmatmg Commxtwc on EPA—ASA pecr review

of statistical aspects of EPA-sponsored research on the ef-

.. fects of acid deposition formed the Aquatic Review Team
. in consultation with EPA/JADAS (Richard Barchet and John

. Malanchuk) under 2 cooperative agreement between ASA

- and EPA. As |dmnﬁcdmwhaoompondenoc the Aquatic

Revtew Team had the responsibility of reviewing tv_fo doc- .'~- - : ‘PR 0 JE CT 3 A REVIEW OF N S w S i

uments pertaining to the following projects:

Project NSWS: National Surface Water Survey: National
Lake Survey-Phase | Research Plan

Project ACID: Analysis of Trends in the Chemistry of
Surface Waters of the United States Based on the Aci-
dification Chemistry Information Database

The Aquatic Review Team reviewed the two documents
from a statistical standpoint, met with concerned rescarch
investigators and sponsors July 23-25, 1984, and prepared
this report.

The following EPA/ADAS scientists participated in the
review meetings and discussions with John Malanchuk, co-
ordinating the EPA participation: David Bennett, Ted Hinds,
Toay Janetos, and John Malenchuk (all RD-676). The fol-
lowing research investigators of Project NSWS participated
in the review meetings and discussions: Rick Linthurst,

*G. P. Patil, Team Capuin, is Professor of Mathematical Statistics,
Pennsylvania Scate University, University Park, PA 16802. Walter Liggen
is with the Center for Applied Mathematics. National Bureau of Standards.
Gasthersburg. MD 20899. Fred Ramsey is Professor of Suatistics at Oregon
State University. Corvallis, OR 97331, Woollcort K. Smith is Professor
of Statistics at Temple University, Philadelphia. PA 19122. Patil and Smith
have unreiated research contracts with Brookhaven National Laboratory.
Liggett s on lcave from the National Burcau of Standards. and this review
is not an oificial activity of the Bureau

g versity. The followmg Brookhaven National Laboratory .

' xmtw:.. . _,
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vestigators of Project ACID participated in the review
and discussions: George Hendrey, Chns Hoogcndyk b
Kaplan, and Neal Odcn L <

DOCUMENT

Overall Conclusion. A primary goal of the NSWS »
tiona) Lake Survey (NLS) is to obtain interval estimases
the number of lakes in defined geographic regions that
be sensitive to acid deposition. The proposed sampling 4
sign shows sizable effort behind it. Whether this is 2
efficient design to achieve the multiple objectives na'd’;"
be examined in the light of alternative design opuw:,;g
NSWS report assures that the survey is designed &©
concrete objectives. The objectives could be mors spx¥

and as stated, they do not state the error bounds 3
The design should be specifically linked with 3 M

important objectives—in particular, with the 1=} -
taining representative samples for Phases 1l and Hit 3

2.1 Introduction

%
We divide our comments into two parts: pea~ v N
ments on the plan, followed by specific comme=t 'ﬁ
the technical details or the lack of technical d<™ =
plan. A short summary and recommendations f:‘;._ 4
A probability sample drawn from 2 fixcd. “‘ﬂ_‘ o
sampling frame is a good gencral methad fo? 3~ .“ ~ ’.g

primary goal of the survey, which is te s_ el 27
centage of susceptible lakes by region Witm = 1 1o
fined sampling plan. standard-results can ho u )‘E

€ 19SS Americar [T _
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- Practical Radiology, 1:27-31, 1973." - Also published in Cd

PUBLICATIONS:

Albrecht, R. M. and Landau, E.: "Microwave Radiation: An

Epidemiological Assessment." Reviews on Environmental .

Landau, E. and Newell, V.: "SO, Criteria: A Re-examination"
in Proceedings of the Fourth International Clean Air Congress,
Tokyo, 1977 pp. 9-11.

Landau, E.: "NAS Report on Arsenic: A Critique." Proceedings,
Toxic Substances in the Air Environment, Cambridge,
MaSS.' APCA' 1976' ppo 65-770

Landau, E.: "Overview of Conference." Proceedings, Air
Quality: Criteria, Standards and Indices, Toronto, 1976,
pp. 136-143.

Landau, E., Sawicki, F. and Groniowski, J.: "A Proposed
Controlled Randomized Study of the Diagnostic Use of Ultrasound
in Obstetrical Care" in Proceedings of the International
Statistical Institutes, Warsaw, 1975, pp. 516-520.

Landau, E.,: "Health Effects of Low-Dose Radiation: Problems
of Assessment." Intern. J. Environ. Studies, 6:51-57, 1974.

Landau, E.,: "Are There Ultrasonic Dangers for the Unborn?"

Proceedings of the 5th Annual National Conference on Radiation
Control, 1973.

Landau, E.,: "Radiation and Infant Mortality - Some Hazards
of Methodology" Proceedings of the Sixth Berkeley Symposium on
Mathematical Statistics and Probability, Vol. VI. University
of California, 1972.

Landau, E., and Prindle, R.A.,: "Demography and Pollution"
Bulletin of the International Statistical Institute, 44:87-
103, 1971.

Landau, E.,: "Use of 1970 Census of Population data for air
pollution research." Journal of the Air Pollution Control

" Association, 21:614-616, 1971.

Landau, E., Prindle, R.A., and Zeidberg, L.D.: "The Nashville
Air Pollution Study. Sulfur Dioxide and Bronchial Asthma--A
Multivariate Analysis." Intern. J. Env. Studies, 2:41-45,
1971.

Landau, E.,: "Needed research on health effects of air

‘pollution." WHO/AP/70,36, World Health Organization, 1970.

Landau, E. and Brandt, C. Stafford: “The use of surveys to
estimate air pollution damage to agriculture." Env. Research,
3:54-61, 1970.
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Landau, E.: Chapter in "Agriculture and the Quality of our
Environment." American Association for the Advancement of
Science - Publication No. 85, Washington, D.C. 1967.

2eidberg, L.D., Horton, R.J.M., and Landau, E.: "The Nashville
Air Pollution Study. V. Mortality from diseases of the
respiratory system in relation to air pollution.™ Arch.
Environ. Health, 15:214-224, 1967.

Zeidberg, L.D., Horton, R.J.M., and Landau, E.: The Nashville
air pollution study. VI. Cardiovascular disease mortality

in relation to air pollution." Arch. Environ. Health,
15:225-236, 1967.

Zeidberg, L.D., Hagstrom, R.M., Sprague, H.A., and Landau,
E.: "Nashville air pollutlon study, VII. Mortality from
cancer in relation to air pollutlon Arch. Environ. Health,
15:237-248, 1967. ‘

Wolozin, H., and Landau, E.: "“Crop Damage from Sulfur
Dioxide," Journal of Farm Economics, 48:394-405, May 1966.

Zeidberg, L.D., Prindle, R.A., and Landau, E.: "The Nashville
Air Pollution Study: III, Morbidity in Relation to Air
Pollution," AJPH, 54:85-97, January 1964.

Prindle, R.A., and Landau, E.: "Health Effects from Repeated
Exposures to Low Concentration of.Air Pollutants,"™ Public -
Health Reports, 77:901-909, October 1962. Also published in
Staub, 22:392-398, October 1962, as "Gesundheitsschadliche
Folgen wiederholter Einwirkungen niedriger Konzentrationen

von Luftverunreinigungen.”

Landau, E., and Roberts, A.: "Current Air Pollution Field
Research in Chronic Respiratory Disease in the United States."
Public Health (England), 77:11-20, November 1962.

Zeidberg, L.D., Prindle, R.A., and Landau, E.: "The Nashville
air pollution study: I. Sulfur dioxide and bronchial

asthma, a preliminary report," American Review of Respiratory
Diseases, 84:489-503, October 1961.

Schiffman, R. and Landau, E.: "Use of indexes of air pollution
potential in mortality studies." J. APCA, 11:384-386,
August 1961.

Speizer, F. and Landau, E.: "Epidemiologic studies of
obstructive ventilatory diseases of the lung. II. A follow-
back approach for studylng mortality from obstructive ventilatory

diseases of the lung." American Review of Respiratory
Diseases, 83:826-841, June 1961.

Schoettlin, C. and Landau, E.: "Air pollution and asthmatic
attacks in the Los Angeles Area." Public Health Reports,
76:545-548, June 1961.
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Prindle, R. A. and Landau, E.: "The effect of air pollution
on health in the United States.", Vvitalstoffe-Xivillsationskrankhelt
Hoft 22 (v. 1. 2), 49-53, April 1961. o~
% :,:i

Landau, E. and Morton, J.C.: "“An epidemiologic view of
chronic pulmonary insufficiency in the United States."
American Review of Respiratory Dlseases, 83:3 and 4 pp. 405-
407, March and April 1961.

Landau, E., Jones, F.V., and Schoettlin, C.E." "“An air

" pollution map for the Los Angeles Basin," presented at the

Second Air Pollution Research Planning Seminar, Cincinnati,
Ohio, Feb. 3-7, 1958, pp. 166-170.

Landau, E.: "Design of a study for interpreting variations
in respiratory disease mortality." The Second Air Pollution
Research Conference, California State Department of Public
Health, December 5-6, 1958, pp. 103-109.

Landau, E.: "Methods suitable for utilizing some existing
data in air pollution research," presented at a Symposium on
Statistical Methods in'Air Pollution Research, The Fourth
Air Pollution Medical Research Conference, California State
Department of Public Health, December 7-9, 1960.




ADDENDUM TO SELECTED LIST OF PUBLICATIONS:

1. Based on work with American Statistical Association,
Review report of an' American Statistical Association
Coordinating Committee FORAST Review Team to EPA
National Acid Precipitation Assessment Program,
April 1984 (attached).

2. Based on work with American Public Health Association,
Landau E, Thompson DJ, Feldman RA, et al: Selected
Non-Carcinogenic Effects of Industrial Exposure to
Inorganic Arsenic. EPA 560/6-77-018, Washington, DC.

Feldman RA., et al: Peripheral Neuropathy in Arsenic
Smelter Workers, Neurology 29:939-944. July 1979.

Landau E.: Neurological Effects of Long-Term
Industrial Exposure to lnorganic Arsenic, 1978 Annual

Meeting of APHA.

Matanoski AM, Landau E,'Tonascia J, et al: Lung Cancer
Mortality in Proximity to a Pesticide Plant: An interim
report. EPA 560/11-80-013, Washington, DC, 1980.  ~- -

Community Study-of the Effects of Exposure to Fibrousglass
Plant Emissions in Pennsylvania--A Resurvey, Report to -
EPA, Bahn A. and Landau E., 1978.
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Roth Associates, Ine.
6115 Executive Boulevard
Rockville, Maryland 20852

Professional Background

1975 - present

1973

1969

1971

1971

1967

1975

1973

1988

1973

1969

President and founder, Roth Associates, Inec.,
Rockville, MD.

Senior ranking mathematical statistician, Envi-
ronmental Protection Agency (EPA), Washington,
D.C.; statistical consultant to the Assistant
Administrator for Planning and Management.

Research and consulting, biomathematician-
statistician, Information Systems Division,
Smithsonian Institution, Washington, D.C.

Clinical assistant professor of Biostatistics,
GCeorgetown University School of Dentistry,
Georgetown, MD.

Statistical and information systems consultant
to government and private agencies.

Instructor of theoretical mathematics, State
University of New York at Stony Brook.

Academic Background

Ph.D.

Mathematics (Probability Theory) State University of New
York at Stony Brook (1969)

State University of New York at Stony Brook (1967)

Hunter College, City University of New York Graduate
Center (1965)

Brooklyn College, City University of New York (1964)
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Supmary of Professional Experience

I have experience 1in collecting and analyzing data,
designing and carrying out surveys, developing mathematical
and statistical models, and managing computer data bases., I
have broad-based familiarity with data in the fields of:
health and safety, medical drugs and devices,
transportation, economies, the social sciences, as well as
environmental pollution. My clients {include: agencies of
the United States and foreign governments; research
institutions; trade associations; law firms; pharmaceutical,
food, tobacco, and liquor companies; management consulting
firms; automobile manufacturers; and metal, mining,
machinery, construction, pesticide, and chemical companies.
My work has been published in scientific journals and books,
as well as technical reports, and has been presented at
scientific meetings, university symposia, and federal
government hearings.

AREAS OF EXPERTISE

My work includes projects in the following areas:

(1)

Health and Safety

I have designed new studies and has analyzed data in the
fields of: epidemiology, human clinical research, and
animal toxicology. Specific projects have 1included
evaluating the risks associated with: liquor consumption;
occupational exposures to various chemicals in the
workplace; water contaminants; electromagnetic fields; the
use of new super absorbent baby diapers; the fallout of
nuclear debris in the Marshall Islands; Salmonella poisoning
in food products; passive smoking; the combined exposure to
asbestos and smoking; gas cooking; and exposures to utility
plant emissions and discharges. In the field of safety, I
have examined the hazards of operating cranes and forklifts,
performing various types of construction jobs in heavy
industry, and working in railroad stockyards.

Medical Drugs'and Devices

I have designed c¢linical ¢trials and has analyzed
pharmaceutical data. For example, the firm has examined:
the efficacy and safety of electrical devices designed to
expedite the healing of bone fractures, artificial knees,
and hip replacements; treatments to mitigate the effects of
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(3)

(4)

(5)

Daniel Roth Resume Page 3

chronic conditions such asthma; as well as drugs designed to
suppress nausea during pregnancy. :

Transportation

A growing part of my research interests involve evaluating
the risks, hazards, and economics of various aspects of
transportation. Safety projects have included estimating
the risks associated with: driving utility vehicles,
passenger cars, and all terrain vehicles; using certain
brand name tires; dismantling multiple and single rim wheels
on trucks; and a spectrum of passenger car bumper designs.
Economic studies conducted have included assessing: the
costs of owning and operating different types of vehicles;
the costs and benefits of different types of automobile
bumpers; and practices for compensating vehicle owners for
premature rusting, engine damage, or faulty tires,

Social and Economic Issues

Among other projects in the social and economics area, I
have analyzed: costs and trends of seafood consumption 4in
Japan; changes in the U.S. Internal Revenue Code on the
economy of Puerto Rico; methods for compensating for
hurricane damage; the efficacy of the U.S. food stamp
program in improving the nutritional intake of children; the
cost and benefits of implementing pollution control devices;
ramifications of fraudulent practices of selling vacuunm
cleaners; the economics of home kidney dialysis programs;
and hiring practices in an equal opportunity industry. We
also have conducted environmental audits and have performed
cost-benefit analyses on the use of different types of
industrial devices.

Environmental

Activities in this area have involved designing new studies
and assessing data bases maintained by others, Projects
have 1included: analyzing species diversity and
contamination patterns in waterways; examining outdoor air
and water quality trends; analyzing occupational exposures
to airborne pollutants; investigating the course of eroding
shorelines; analyzing the fate of PCBs; and measuring
electric and magnetic field exposures of individuals living
within close proximity to transmission lines.

LS
N




P17

H. Daniel Roth ReSume Page &

(6) Mathematics, Statistics, and Computer Programs

Designs include statistical and mathematical models as well
as computer programs that are applicable to a broad range of
problems., In the past I have worked on problems involving
survey design, probability sampling, differential equations,
and many data analytic techniques including multivariate
analysis, survival analysis, and time series. In addition,
my firm maintains large technical, as well as computer
program libraries and has access to publications from the
libraries at major universities in the Washington, D.C.
area, the National Institutes of Health, the National
Library of Medicine, and the National Bureau of Standards.

| Publications, Scientific Articles, and Monographs

Freudenthal, P.C., Roth, H.D., Hammerstrom, T., Lichtenstein, C.,
and Wyzga, E., "Health Risks of Short-tern S0, Exposure to
Exercising Asthmatics,”™ JAPCA 39:831-835, 1989.

Roth, H.D. and Post, E.S. "Evaluation, Analysis, and Technology
Transfer of Safety and Evaluation Issues: Health Effects of
Short and Long Term Exposure to Nitrogen Dioxide,” Final
Report Prepared for the Gas Research Institute, 1989.

Roth, H.D. and Post, E., "Assessment of the Cancer Epidemiology
Data on Welders," Prepared for National Welding Defence,
October 1989.

Roth, H.D. and Lichtenstein, C., "A Study of Activity Patterns
Among a Group of Los Angeles Asthmatics,"” EPRI Research
Project 940-5, November 1988.

Hammerstrom, T. and Roth, H.D., "Assessment of the Health Data on
Cadmium,™ Prepared for Meridian Research Inc., November 1987.

-Roth, H.D. and Post, E.S. "Analysis of the Consumer Product
Safety Commission's Documents Entitled: Health Effects of
Nitrogen Dioxide (July 1983)," "Nitrogen Dioxide Health
Assessment, 1984," and Update on Health Effects Assoclated
with Nitrogen Dioxide," Prepared for the Gas Research
Institute, May, 1987.

Roth, H.D., ™An Analysis of the Health Risks due to Vehicle
Emissions of Manganese," Prepared for the Health Effects
Institute, 1985.
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Roth, H.D., "An Evaluation of Published Studies Analyzing the
Association of Carcinogenesis With Exposure to Magnetic
Fields," Final Report, EPRI EA-3904, Project 1824-03, 1985.

Roth, H.D., Wyzga, R.E., Hayter, A.J., "Chapter 93: Methods and
Problems in Estimating Health Risks from Particulates,"
Aerosols, Lewis Pub., pp. 837-857, 1984,

Roth, H.D. and Post, E.S. "Analysis of the Scientific Basis of
EPA's Proposed National Ambient Air Quality Standards for
Nitrogen Dioxide (23 February 1984)" Final Report Prepared for
the Gas Research Institute, Project 84-0098, 198%4.

Roth, H.D., Wyzga, R.E., and Hammerstrom, T., "The Use of Risk
Assessment iIn Developing Health-Based Regulations,®"

Statistices in the Environmental Sciences, ASTM STP 845, S.M.
Gertz and M.D. London, Eds., American Soclety for Testing and
Materials, pp. 46-65, 1984,

Roth, H.D. and Post, E.S.“NO2 and Health Effects: Analysis of
" Selected Studies -~ Phase II," Annual Report Prepared for the
Gas Research Institute, Project 80-0112, 1983.

Roth, H. D. and Ripps, A., "Status of Health-Based Environmental
Regulations®". Edison Electric Institute, 1982.

Roth, H. D., "Chapter 3, Electric and Magnetic Fields: Sunmmary
of Developments,” Electrical and Biological Effects of

Transmission Lines: A Review, Bonneville Power Administra-
tion, U.S. Department of Energy, pp. 8-19, 1982.

Roth, H.D. and Post, E., "Controversy Over NO2 and Health," J.
of International Gas Research Institute, 1981,

Roth, H.D., m™Data Quality and Analysis in Risk Assessment,"”
Conference Proceedings"”. The Electric Power Research
Institute Conference on Environmental Risk Assessment, 1981.

Roth, H.D., "Risk Assessment," Journal of the Air Pollution
Control Association, Philadelphia, PA, 1981.

Roth, H.D;, Viren, J.V., and Colucci, A.V., Evaluation of
Community Health Environmental Surveillance Cystem (CHESS):
New York Asthma Data 1971-72, Volume 1, Electric Power
Research Institute, 1981.
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Roth, H.D., and Viren, J. V., Evaluation of Community Health
Environmental Surveillance System (CHESS): New York Chronic
Respiratory Disease Data 1970-71, Electric Power Research
Institute, 1980.

Roth, H.D., OSHA Beryllium Hearings: Analysis of Epidemiological
Data, 1978.

Roth, H.D., Statistical Guidelines for Conducting a Rural
Drinking Water Survey, EPA, 1977.

Roth, H.D., Viren, J.V.,, Colucci, A.V.,, Evaluation of Community
Health Environmental Surveillance System (CHESS): New York
Asthma Data 1970-T1, Volume 1, Electric Power Research
Institute, Publication number EA-450, 1977.

Roth, H.D., Viren, J.V., Colucci, A.V.,, Evaluation of CHESS: New
York Asthma Data 1970-71, Volume 2, Electric Power Research
Institute, Publication number EA-450, 1977.

Viren, J.V., Roth, H.D., Colucci, A.V., Asthma in Six Los Angeles
Communities: An Outline of Findings Based on CHESS 1972-73,
prepared for the Southern California Edison Company, 1977.

Roth, H.D., "First Report of the Environmental Measures Project:
Analysis and Application of Environmental Indicators,"
Prepared for the EPA, 1975.

Roth, H.D,, "Statistics Review Committee Report," Prepared for
the EPA, 1974,

Roth, H.D., "Information Elements for Inclusion in the 1973
Revision of the Railroad Accident Foram," Prepared for the
Federal Railway Administration, 1973.

Roth, H.D. and Pilerce, J., "Statistical Analysis of a Beach
Environment Transport Problem,"” Smithsonian Contribution
Series, 1973.

Buechner, H. and Roth, H.D., "Integrity of Lek Domains,”
American Zoologists, 1973.

Buechner, H. and Roth, H.D., "Territoriality in the Male Uganda
Kob," American Zoologists, 1973.

Roth, H.D., "Ordination Techniques,”™ Institute for Statistical
Ecology Monograph, Pennsylvania State University Press, 1972.
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Roth, H.D., "Cluster Analysis for the Environmental Sciences," f“%
Smithsonian Institution Monograph, Smithsonian Press Vol. 11, A

No. 2, reprinted 1971 in Cuadernos de Historia Economica de
Cataluna, 1972.

Roth, H.D. and Pierce, J., "Multivariate Statistical Analysis of
Bioclastic Turbdidites," International Journal for Mathematical
Geology, 1972.

Roth, H.D. and Koritzer, R,, "Statistical Advances in Dental
Research, "™ Journal Georgetown University Dental School, 1972.

Roth, H.D., and Olin, J., "Multifactor Analysis of Neutron
Activation Data,"™ 1972.

Roth, H.D. and Pierce, J., "Wave Refraction and Coastal
Erosion, " Journal Geological Soclety of America, 1970.

Roth, H. Daniel, "Limit Theorems for Dependent Random Variables,"
Thesis, 1969,

Pudblic Speaking Addresses and Seminars -

"Comments on 'Direct Health Effects of Air Pollutants Associated N
with Acidic Precursor Emissions (S0S/T-22)'." Presented at the

NAPAP International Conference, "Acidic Deposition: State of
Science and Technology," February 1990.

"Definition of Adverse Health Effects of Exercising Asthmatics
Exposure to Short-tern SOZJ Presented at the 82nd Annual
Meeting of Air and Waste Management Association, June 1989.

"A Reanalysis of Recent Acid Aerosol Epidemiological Data."
Presented at the 82nd Annual Meeting of Air and Waste Management
Association, June 1989.

"An Activity Pattern Survey of Asthmatics." Presented at the
82nd Annual Meeting of Afir and Waste Management Association, June

1989.

"An Activity Pattern Survey of Asthmatics.” Presented at the
Conference on Human Activity Patterns, May 1988.

"Health Risks of Short-ternm SO2 Exposure to Exercising
Asthmatics." Presented at APCA, June 1987. '
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"Risk Assessment for Criteria Air Pollutants." Presented at the
meeting of the Society for Risk Analysis, November 1986.

"Design of Toxicologlic Study by Epidemiology." Presented at
Wayne State University's Conference, ®"Principles and Practice of
Industrial Toxicology," June 1986. '

"A Survey of Unvented Gas Heater Users.," Presented at the
American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc. (ASHRAE) Conference, April 1986.

"Evidence of the Association of Respiratory Symptoms and Heat
Source in the NHANES II Survey." Presented at Air Pollution
Control Association (APCA), June 1986.

"Generation of a Dose-Response Surface Describing Responses of
Asthmatics to Short-term SO, Exposure.” Presented at APCA, June
1985.

"Methods and Problems in Estimating Health Risks from
Particulates." Presented at U,S.-Dutch International Symposium
on Aerosols, May 198s5.

Report on The Twenty-Third BHanford Life Sciences Symposium:
"Interaction of Biological Systems with Static and ELF Electric
and Magnetic Fields," 1985.

"The Use of Risk Assessment 1in Developing Health-Based
Regulations."™ Presented at the Conference of American Society
for Testing and Material, 1984,

"Can Industry Control and Regulate Environmental Health Hazards
Itself?,"” Presented at the American Public Health Association,
Washington, D.C., 1982.

"Risk Assessment," Presented at the Air Pollution Control
Association, Philadelphia, P4, 1981,

"Risk Assessment," Electric Power Research Conference, New
Orleans, Louisiana, 1980.

"Analysis of SO2 Health Effects Data," Presented at the
University of Texas, Austin, Texas, 1979.

"Statistical Pitfalls in Analyzing Occupational Health Data,"
Presented at the American Assoclation for Industrial Health and
the American Assocliation for Occupatlional Medicine Conference,
Williamsburgh, Virginia, September 1978.
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"A Reanalysis of Prevalence Chronic Respiratory Disease Symptoms R
in Adults: A 1970 Survey of New York Communities,” Presented at
the Society of Industrial Mathematics Air Pollution Control
Seminar, Stanford University Department of Statistics, 1978.
"Cluster Analysis and Medical Research Problems,"™ Presented at
the Department of Community Medicine, Ohio State Medical School,
1978.
"Health and Other Environmental Quality Indicators," Federal
Statistics Users, Washington, D.C., 1975.
"Environmental Indicators," Ohio State University Symposium
sponsored by the National Science Foundation, 1974.
"Spatial Distribution,”™ American Anthropological Society annual
meeting, Washington, D.C., 1974.
Advanced Statistics Seminar, Smithsonian Institution, 1973.
"Integrity of Lek Domains,"™ American Association for the
Advancement of Science Meetings, Washington, D.C., 1972
"Multivariate Methods in Ecology," Institute for Statistical ol
Ecology Pennsylvania State University, sponsored by the NSF,
USDA, and Ecology Association. Also chaired a week's session on
multivariate modeling, 1972.
"Quantitative Research Methods," Georgetown University Medical
Center, 1972.
Mathematics and Chemistry Seminar, Brookhaven National
Laboratory, 1972.
"Multivariate Discriminant Analysis,” Heidelberg University, West
Germany, 1972.
"Mathematics in Scientific Research," Coppins State College,
Baltimore, Maryland, 1972.
"Cluster Analysis," Sociology and Anthropology semlinar,
Smithsonian Institution, 1971.
"Quantitative Environmental Models,"” Smithsonian Institution,
1970. ‘
{3
mAnalysis of Binary Data," Smithsonian Institution, 1969. e
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Professional Associations and Honors

Invited speaker NATO conference on Statistics and the Environment
-~ University of Calgary (197%).

Superior Performance Award for research and copgsulting
Smithsonian Institution (1972).

Smithsonian Research Foundation Award for the development of
statistical models in health and environmental research
(1972).

National Science Foundation Award for the lectures on
multivariate statistical models in ecology at the Institute
for Statistical Ecology -- Pennsylvania State University
(1972).

Smithsonian Research Foundation Award for the development of
theoretical and applied models in sedimentology (1970-71).

Letters of commendation from the Secretary for the Smithsonian
for (1) upgrading the levels of mathematical and statistical
analysis and (2) conducting a series of biostatistical
seminars at the museum,

Referee several scholarly Jjournals.
Panelist, the National Science Foundation (1972-T4).

Member, the Bionetrics Society, the International Association of
Statistical Ecology, the American Assoclation for the Advance-
ment of Scilence.

Fellowships, State University of New York at Stony Brook (1966~
69). ‘

New York State Graduate Regents Scholar Awards (1965-68).

University Fellow, City University of New York (1964-65).

Mathematics Awards, City University of New York (1963-64).
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CARL O. SCHULZ

EDUCATION
B.A., Chemistry, The College of Wooster, Wooster, Ohio, 1963

Ph.D., Organic Chemistry, The University of Cincinnati,
Cincinnati, Ohio, 1968

Postdoctoral Associate, Chemistry, Northwestern University,
Evanston, Illinois, 1968 - 1969

Postdoctoral Fellow, Environmental Medicine (Toxicology),

Johns Hopkins School of Hygiene and Public Health,
Baltimore, Maryland, 1971 - 1972

EMPLOYMENT

1983~Present President, COSAR Inc., Consultants in
Occupational and Environmental Toxicology

1985-Present  Adjunct Associate Professor of Environmental
Health Sciences, University of South Carolina
School of Public Health

1983-1985 Senior Toxicology Advisor, Clement Associates,
Inc., Arlington, VA

1982-1983 Director, Division of Life Sciences, Clement
Associates, Inc., Arlington, VA

1981-1982 Associate Director, Division of Life Sciences,
Clement Associates, Inc., Washington, DC

1978-1982 Chief, Gastrointestinal and Contraceptive Drug
Products Branch, Div. of OTC Drugs, Bureau of
Drugs, U.S. Food and Drug Administration,
Rockville, MD

1977-1978 Biological Program Specialist, Bureau of
Veterinary Medicine, U.S. Food and Drug
Administration, Rockville, MD

1976-1977 Petition Review Toxicologist, Bureau of Foods,
U.S. Food and Drug Administration, Washington,
DC
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1974-1976 Senior Toxicologist, Center for Occupational
Safety and Health, Stanford Research Institute,
Arlington, VA

1972-1974 Research Associate, Dept. of Environmental
Medicine, Johns Hopkins School of Hygiene and
Public Health, Baltimore, MD

1969-1971 Research Chemist, Films-Packaging Division,
Union Carbide Corp., Chicago, IL

PROFESSIONAL CERTIFICATION

Diplomate of the American Board of Toxicology
(recertified in 1989)

MEMBERSHIP IN PROFESSIONAL SOCIETIES

Society of Toxicology

Society for Risk Analysis

Roundtable of Toxicology Consultants
Carcinogenesis Specialty Section, SOT

Risk Assessment Specialty Section, SOT

American Association for the Advancement of Science
New York Academy of Sciences

Society of the Sigma Xi

OFFICES IN PROFESSIONAL SOCIETIES

Chairman, Finance Committee, National Capital Area
Chapter, SOT. 1983 - 1985.

Secretary-Treasurer, Carcinogenesis Specialty Section,
SOT, 1985 - 1988.

Secretary-Treasurer, Southeastern Regional Chapter, SOT.
1988 - present.

AREAS OF EXPERTISE

Quantitative Risk Assessment

Regulatory Toxicology

Human Health Hazard Assessment

Toxicology Study Design and Interpretation

GLP Compliance and Data Auditing

Chlorinated Dibenzodioxins (dioxin)

Phenoxy Herbicides (Agent Orange, 2,4-D, 2,4,5-T)
Formaldehyde

Lead, Arsenic, Cadmium and Related Metals




P.26

PUBLICATIONS

Schulz, Carl O. 1989. Assessing human health risks from
exposure to Di(2-ethylhexyl)phthalate (DEHP) and related
phthalates: Scientific issues. Drug Metab. Rev. (In
Press).

Lagoy, P.K., Nisbet, I.C.T., and Schulz, C.0. 1989. The
egdangerment assessment for the Smuggler Mountain site,
Pitkin County, Colorado: A case study. In Paustenbach,
D.J. (ed.). The Risk Assessment of Environmental and
Human Health Hazards. J. Wiley & Sons, Inc., New York.
Pp. 505-525.

Veterans Administration 1989. Synopsis of Scientific
Literature on Phenoxy Herbicides and Associated Dloxlns,
No. 6 - (Volumes XIII and XIV). (C.0. Schulz, author)

Veterans Administration 1989. Review of the Literature on
Herbicides, Including Phenoxy Herbicides and Associated
Dioxins, Vol. XIII. Analysis of the Recent Literature on
Health Effects, and Vol. XIV. Annotated Bibliography.
(C.0. schulz, prinicpal author)

Veterans Administration 1988. Synopsis of Scientific
Literature on Phenoxy Herbicides and Associated Dioxins,
No. 5 - (Volumes XI and XII). (C.0. Schulz, author)

Veterans Administration 1988. Review of the Literature on
Herbicides, Including Phenoxy Herbicides and Associated
Dioxins, Vol. XI. Analysis of the Recent Literature on
Health Effects, and Vol. XII. Annotated Bibliography.
(C.0. Schulz, prinicpal author)

Universities Associated for Research and Education in
Pathology, Inc. (UAREP) 1988. Human Health Aspects of
Environmental Exposure to Polychlorinated Dibenzo-p-
dioxins and Polychlorinated Dibenzofurans. Report of the
Ad Hoc Panel on Health Aspects of Polychlorinated
Dibenzo-p-dioxins and Polychlorinated Dibenzofurans.
UAREP, Inc., Rockville, MD.

Veterans Administration 1987. Review of the Literature on
Herbicides, Including Phenoxy Herbicides and Associated
Dioxins. Vol. IX. Analysis of Recent Literature on
Health Effects and Vol. X. Annotated Bibliography.
(C.0. Schulz, principal author)

Veterans Administration 1987. Synopsis of Scientific
Literature on Phenoxy Herbicides and Associated Dioxins,
No. 4 - (Volumes IX and X). (C.O. Schulz, author)

.




P.27

Schulz, C.0., LaGoy, P.K., and Paxton, M.B. 1986. Reviewing
the literature on the health effects of phenoxy
herbicides and associated dioxins. Chemosphere 15:2099

Veterans Administration 1986. Review of the Literature on
Herbicides, Including Phenoxy Herbicides and Associated
Dioxins. Vol. VII. Analysis of Recent Literature on
Health Effects and Vol. VIII. Annotated Bibliography.
(C.0. Schulz, principal author)

Veterans Administration 1986. Synopsis of Scientific
Literature on Phenoxy Herbicides and Associated Dioxins,
No. 3 - (Volumes VII and VIII). (C.0. Schulz, author)

Veterans Administration 1985. Review of Literature on
Herbicides, Including Phenoxy Herbicides and Associated
Dioxins. Vol. V. BAnalysis of Recent Literature on
Health Effects and Vol. VI. Annotated Bibliography. (C.O.
Schulz, principal author)

Veterans Administration 1985, Synopsis of Scientific
Literature on Phenoxy Herbicides and Associated Dioxins,
No. 2 - (Volumes V and VI). (C.0. Schulz, author)

Veterans Administration 1984. Review of Literature on
Herbicides, Including Phenoxy Herbicides and Associated
Dioxins. Vol. III. Analysis of Recent Literature on
Health Effects and Vol. IV. Annotated Bibliography. (C.O.
Schulz, Principal author)

Veterans Administration 1984. Synopsis of Scientific
Literature on Phenoxy Herbicides and Associated Dioxins,
No. 1 - (Volumes I - 1V)

Taylor, J.M., Biskup, R.K. and Schulz, C.0. 1979. Good
laboratory practices. FDA By-lines 9:187

Schulz, C.0. 1976. The xylene criteria document: A
commentary. J. Occup. Med. 18:567

Schulz, C.0., Rubin, R.J. and Hutchins, G.M. 1975. Acute lung
toxicity and sudden death in rats following the _
intravenous administration of the plasticizer, di(2-
ethylhexyl)phthalate, solubilized with Tween surfactants.
Toxicol. Appl. Pharmacol. 33:514

Rubin, R.J. and Schulz, C.0. 1975. Relation of the
physical/chemical state of a plasticizer, bis(2-
ethylhexyl)phthalate (DEHP) to its biological disposition
and action. Proceedings of an International Symposium on
Recent Advances in Assessing Health Effects of
Environmental Pollutants, Vol. 2. Committee of European

Communities, Paris, 1975. Pp. 903 - 912



P28

Schulz, C.0. 1974. Acute lung injury from the interaction of

a8 plasticizer, di(2-ethylhexyl)phthalate (DEHP) and a L,
polysorbate surfactant, Tween 80. Fed. Proc. w3
33:224(abstract) A

Schulz, C.0. and Rubin, R.J. 1973. Distribution, metabolism
and excretion of di(2-ethylhexyl)phthalate in the rat.
Environ. Health Perspect. 3:123

Kaplan, F., Schulz, C.0., Weisleder, D. and Klopfenstein, C.E.
1968. The geometry of myrtenal. A detailed analysis of
the NMR spectrum of a bicyclo(3.1.1)hept-2-ene system.

J. Organic Chem. 33:1728

Schulz, C.0. 1968. A Study of the Geometry and Chemistry of
Myrtenal and Myrtenol. Ph.D. Dissertation, University of
Cincinnati

Schulz, C.0. Stafford, F.E. 1968. The vapor phase infrared
spectra of the niobium oxotrihalides, NbOCl3, NbOBrB,
NbOI3. J. Phys. Chem. 72:4686

and

Kaplan, F. and Schulz, C.0. 1967. Long-range hydrogen-
phosphorus spin-spin coupling in aromatic systems. Chen.
Commun. 8:376

PRESENTATIONS , -

“Consumer Product Risk Assessment: Unique Problems in
Estimating Population Exposures". The 1989 Washington
Conference on Risk Assessment. Arlington, VA. September
26, 1989. '

"An Update of the Review of Literature on the Health Effects
of Phenoxy Herbicides and Associated Dioxins". Poster
presentation at the 9th International Symposium on
Chlorinated Dioxins and Related Compounds. Toronto,
Ont., Canada. .September 19, 1989.

“Human Risk Assessment from Exposure to Dioxins" A Public
Forum entitled, What's Known About Dioxins, Paper Mills
and Public Health? Georgetown, SC. June 22, 1989.

“"The Role of the Toxicologist in Occupational Health". 12th
Annual Educational Conference on Workers' Compensation.
Hilton Head, SC. October 25, 1988.

“Current Approaches to Reducing Uncertainty in Risk
Assessment"”. The 1988 Washington Conference on Risk

Assessment, Arlington, VA. September 22 - 23, 1988.




P.29

“"Risk Assessment". Epidemiology and Biostatistics Depart-
mental Seminar. The University of South Carolina School
of Public Health. Columbia, SC. March 3, 1988.

"Risk Assessments and Their Shortcomings". The Risk Manage-
ment Subcommittee of the South Carolina Department of
Health and Environmental Control Hazardous Waste Task
Force. Columbia, SC. June 10, 1987.

“"Toxicological Issues in the Development of an Occupational
Health Standard for Formaldehyde". Spring meeting of the
Carolinas Section of the American Industrial Hygiene
Association. Winston-Salem, NC. April 10, 1987.

“"Reporting the Results of a Risk Assessment". The 1986
Washington Conference on Risk Assessment. Arlington, VA.
October 28, 1986.

"What You Should Know About Performing a Risk Assessment". A
series of one-day seminars on toxicological risk
assessment sponsored by CEEM. Denver, CO. May 5, 1986.
Chicago, 1L. May 19, 1986. Boston, MA. June 2, 1986.

"Considerations in Assessing Risks at Hazardous Waste Sites"
The 1985 Washington Conference on Environmental and
Health Risk Assessment. Alexandria, VA. October 29,
1985.

“"Reviewing the Literature on the Health Effects of Phenoxy
Herbicides and Associated Dioxins". Fifth International
Symposium on Chlorinated Dioxins and Related Compounds.
Bayreuth, Germany. September 17, 1985.

"Human and Environmental Effects of Mining Wastes".
Remediation of Mining and Smelting Waste Sites Technical
Information Transfer Workshop. Denver, CO. June 4,
1985.

Symposium on the Impact and Direction of Good Laboratory
Practices. Carl 0. Schulz, Ph.D., Chairman. 96th Annual
Meeting of the AOAC. Washington, DC. October, 1982

"Purposes for, and Impact of, GLP Regulations for Safety
Testing". American Society for Microbiology Annual
Meeting. Los Angeles, CA. May, 1979.

"Regulatory Toxicology: The Role of the FDA in Evaluating Test
Data". Departmental Seminar, Dept. of Pharmacology and
Toxicology, West Virginia University School of Medicine.
Morgantown, WV. April, 1978.

“Long-term Values of the GLPs" 10th Annual Laboratory Animal
Conference. Cincinnati, OH. April, 1978.




.. P.30

“Good Laboratory Practice Regulations and Their Impact on Feed
Analysis". DRUSAFE West Spring Meeting, Chicago, IL. I
April, 1978. . o

“The Development of Good Laboratory Practices for Safety
Testing”. Sixth Food Microbiology Research Conference.
Chicago, IL. November, 1977.

"Good Laboratory Practices and Drug Analysis". Fourth Annual
Meeting of the Federation of Analytical Chemistry and
Spectroscopy Societies. Detroit, MI. November, 1977.

"The Development of Good Laboratory Practice Regulations for
Nonclinical Laboratory Studies". Second Annual Seminar
on Food Safety Regulations. Institute of Food
Technologists, Laurel, MD. March, 1977.

"The Distribution, Metabolism, and Excretion of Di(2~ethyl-
hexyl)phthalate in the Rat". NIEHS Symposium on the
Toxicology of the Phthalate Esters. Pinehurst, NC.
September, 1972,

-
s \\‘
b 5
R r:‘

3% o

NeA




Philip A. wWalker

EDUCATION

Master of Science Degree - Statistics
University of Maryland Baltimore County (UMBC)
May 1988

Bachelor of Science Degree - Information Systems Management
Mathematics Minor
UMBC, May 1986

EMPLOYMENT

1988 - Present H. DANIEL ROTH ASSOCIATES, INC.
Statistical Analyst

1986 =~ 1988 UNIVERSITY OF MARYLAND BALTIMORE COUNTY
Teaching Assistant

SUMMARY OF PROFESSIONAL EXPERIENCE

Statistical analysis of data from major health surveys including
the National Health And Nutritional Examination Survey (NHANES),
the National Health Interview Survey (NHIS), the American Cancer
Society 25-State Survey, and the U.S. Veterans Smoking Survey.

Reviewing epidemiological and toxicological studies for proper
study design and statistical analysis.
PAPERS

Lichtenstein, C.; Roth, H.D.; Walker, P.A.; Wyzga, R.E. (1989)
An Activity Pattern Survey of Asthmatics. Presented at the
82nd Annual Meeting of the Air & Waste Management Assoc.

Roth, H.D.; Walker, P.A. (1990) An Analysis of Possible ge§lth
Effects Due to the Use of a Copper Diesel Fuel Additive.
Prepared for the Lubrizol Business Development Company.




pP.32

ATTACHMENT A-2

Letter from Dr. Car! O. Schulz
to Dr. Neil Roth




B33

ATTACHMENT A-2

COSAR Inec.

Consultants in Occupational and Environmental Toxicology

P
Q

sy
it

July 9, 1990
Neil Roth, Ph.D.
President
Roth Associates, Inc.
6115 Executive Blvd.
Rockville, MD 20852

Dear Neil:

I have reviewed the document entitled, "Potential Health
Effects of Manganese in Emissions from Trap-Equipped Diesel
Vehicles" prepared by the Health Effects Institute (HEI) in
September 1988. Based on a review of the available literature
on the human health effects of manganese at the time the
authors of this report concluded that inhalation of airborne
managanese contributed negligibly to daily exposures to this
element and that the additional exposure that might be
attributable to the use of manganese additives in diesel fuel
would still result in inhalation exposures far below any that
might be associated with adverse human health effects.

In order to assess the validity and objectivity of the
HEI report, I have read several comprehensive reviews of the
toxicology of manganese and its compounds that predated or are
contemporaneous with the HEI document. These include the
Environmental Health Criteria 17 for Manganese published by
the World Health Organization in 1981, a review article by
Cooper (1984), a chapter by John Donaldson from the NRC Canada
report on Manganese in the Canadian Environment (1988) and a
review article by Abbott (1987). I have also conducted a
literature search and have reviewed information provided by
Roth Associates, Inc. and have been unable to identify
significant new scientific information that would:.

-indicate that exposure to manganese might lead to
adverse health effects other than those indicated in the
HEI report.

-provide evidence that previously identified adverse
human health effects occur at exposures below those
indicated in studies reviewed in the HEI report.

or
-provide new information indicating that there are

specific populations that are exceptionally sensitive to
the known adverse effects of manganese.

2.0, Box 5033, Columbia, SC 29250 (S08) TTT60N
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The literature that has become available in the last few
years consists primarily of review articles, commentaries,
human case reports and epidemiologic studies. As will be seen
in the overall review that comes from the current project,
these documents tend to confirm what is already known about
the toxicology of manganese and do not provide dramatic new
information.

Those individuals who are concerned about the potential
adverse health effects of chronic low-level exposure to
airborne manganese base that concern on the absence of reports
in the literature demonstrating the safety of such exposures
rather than on any objective evidence that such exposures are
harmful. They also speculate that a number of human
neurologic disorders of unknown etiology but with symptomology
resembling that of chronic manganese intoxication from high-
level exposures may, in fact, be the result of environmental
manganese exposures. These arguments tend to ignore evidence
indicating that manganese intoxication is distinguishable from
other neurologic disorders of unknown etiology and that the
mechanism of manganese neurotoxicity has not been established.

While there is a some scientific uncertainty about both
the no adverse effect level for human exposure to manganese by
inhalation and the increase in airborne manganese
concentrations that may result from the use of manganese in
gasoline, the available evidence indicates that there is at
least an order of magnitude difference between these two
concentrations. The true "margin of safety" is probably much
greater. In light of the evidence for homestatic mechanisms
controlling the uptake and elimination of manganese and the
absence of data indicating that manganese is a cumulative
neurctoxin like lead, this margin of safety would appear to be
adequate to protect the public health.

Sincerely yours,

it

Carl 0. Schulz, Ph.D.,
DABT
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PREFACE

The 0Office of Health and Environmental Assessment of the Office of
Research and Cevelopment has prepared this Health Assessment Dccument (HAD)
at the requast of the Cffice of Air Quality Planning and Standards (0AQPS).
Manganese s one of several metals and associated compounds emitted to the
ambient air which are currently being studied ty the Environmental Protec-
tion Agency to d2termine whether they should be requiated as hdzardous air
pollutants under the Clean Air Act.

A Multimedia Health Assessment for Mangdnese had been drafted in 19/9 to
evaluate the health effects of manganese. The orlyinal document has since
been modified in scope and emphasis and updated. This HAD is designed to be
used by 0AQPS for decislon mdking.

In the development of this assessment document, the scientific litera-
ture has been inventoried, key studies have heen evaluated and summaries and
conclusions have been directed at qualitatively 1identifying the toxic
effects of manganese. (Observed effect levels and dose-response relation-
ships are discussed where appropriate 1in order to identify the critical
effect and to place adverse health responses in reripective with observed

environmental ievels.

111
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1. INTROQUCTION

The purpose of this documenlt is to summarize the current knowledge of
the effects of exposur? to environmental mangarose upon humar, health,
Manganese 1s an essential trace element for a1l 1iving organisms, 1ind
chrenic manganese toxicity from occupational exposure 1s well documented.
fer this reason, the potential human health hazard from environmental
exposure must be evaluated. In order to assess the effects on human health,
the general properties, amblient levels and blological avatlability of
manganese from environmental media must be considered.

The rationale for structuring the document 1s based primarily on two
major issues, exposure and response. The first portion of the document is
devoted to manganese in the environment: physical and chemical properties,
the monitoring of manganese in various media, natural and human-made
sources, the transpor®t and distribution cf manganese within environmental
media, and the levels of exposure. The seccnd part s devoted to biological
responses in laboratory animals and humans including metabolism, pharmaco-
kinetics, mechanisms of toxicity, as well as toxicological effects of
manganese.

This acsessment document 3s based on original publications, although the
overall knowledge covered by a numbter of reviews and reports was also
considered. The references cited were selected to reflect the current state

of knowledge on those issues which are most relevant for a health assessment

of manganese in the environment.
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. 2. SUMMARY AND CONCLUSIONS
2.7.  SUMMARY OF EXPOSURE

Manganese Ys a ublquitous element in the earth's crust, jn water and In
particulate matter in the atmosphere. In the ground state, manganese is a
gray-white metal resembling iron, but harder and more brittle. Manganese
metal forms numerous alloys with iron, aluminum and cther metals.

There are numerous valence sta‘es for manganese, with ‘the divalent form
giving the most stable salts and the tetravalent form giving the most stable
oxiue. The cnl$r1des. nitrates and sulfates of manganese (I[) are highly
soluble in water, but the oxides, carbenates and hydroxides are only spar-
ingly soluble. The divalent compounds are stable in acid solution, but are
readily oxidized in alkaline conditions. The heptavalent form is found only
fn oxy-compounds.

Sampling of manganese in amblent air may be carried out by any of the
methods wused for collecting atmospher1c' particulate matter. High-volume
samplers with glass fiber fllters are widely used to measure total ambient
aerosol. If information on particle size 1s desired the dichotoinous sampler
s often wused, which separately <collects fine (<2.5 ym) and coarse

10 um) particles.

«:ter, soll and food are collected for manganese analysis by the usual
techniques insuring representative sampling without contamination. B8iologi-
cal matertals such as urine, blood, tissues, hair, etc., are collected and
stored so as to prevent contamination by dust; no other spectal procedures
are required when sampling for manganese analysts.

Sample preparation and analysis s the same for manganese as for other
nonvolatile metals. Atomic absoiption spectrophotometry, opt'..] emission
spectrometry and X-ray fluorescence are commonly used. Oetection llmits for

manganese in atr usually are as low as 0.002 ug/ma.

21

P

-~

i &




—— - - P.59
T — 3 — - - e

Very 1ittle manganese s mined tin gh1s country; some is mined domestic- R
ally as low-grade ores, but most is imported. Fferromanganese and silico-
manganese are ferroalloys produced by the smelting of manganese ore in an
electric furnace. Manganese metal is produced by acid leaching of the ore,
precipitation of other metals, and electrolysis of the solutton. Manganese
alloys and metal are then used to introduce manganese into steel or non-
ferrous alloys.

Metallurgy, especially steel making, accounts for ~95% of United
States demand for manganese. Production of manganese alloys ’s declining,

since demand has diminished recently and imports are 1increasing. The

remaining 5-6% of manganes2 demand s for a number of compounds which are |
important in the chemical industry and in battery manufacture.
Methylcyclopentadienyl manganese tricarbonyl (MMT) has been produced and
used tn small quantities as a fuel additive since 1958, Major use as an
octane improver in unleaded gasoline (at 0.125 g Mn/gal) began tu 1974, but
was discontinued in 1978 due to adverse effects on hydrocarbon emissions.
#MT continues to be used at ~0.05 g Mn/gal in ~20% of leaded gasoline.
Manganese 1s the 12th most abundant element and fifth most abundant

metal in the earth's crust. While manganese does not exist free in nature,

it s a major constituent in at least 100 minerals and an accessory element
in more than 200 others. Its concentration in various crustal components i
and soils ranges from near zero to 7000 ug/g; a mean so11 content of 560
v]/q has been given. Crustal materials are an important source of atmo-
spheric manganese due to natural and anthropogenic activities (e.g., agri-
culture, transportation, earth-moving) which suspend dusts and soils. The

resulting aerosols consist primarily of coarse particles (>2.5 um).
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Manganese s also released to the atmosphere by manufacturing processes.
furnaze emissions from manufacture of ferroalloys, 1iron, and steel are a
major scurce of fine particulate emissions with a high manganese content.
Fossi1l fue! combustion also results in manganese release. Coal fly ash is
about equal to soill in manganese content; but contains particles finer in
size. This is an important manganese source because of the volume of coal
burned each year. Combusticn of residual cil is less important because of
its lower mangnese content. About 15-30% of manganese combusted in MMT-
containing gasollne ts emttted from the tatlipipe.

The relative 1importance of emisston sources 1Influencing manganese
concentration at a glven monitoring location can be estimated by chemical
mass balance .tudles. Studies In St. Louls and Denver suggest that crustal
sources are more Important in the coarse than in the fine aerosol fractton.
Conversely, combustion sources such as refuse incineration and vehicle emis-
stons predominantly affect the fine fraction. In an darea of steel maaufac-
turing, the influence of this process was seen in both the fine and coarse
fractions.

Atmospheric manganese is present in several forms. Coarse dusts contain
manganese as oxides, hydroxides or carbonates at low concentrations (<1 mg
Mn/g). Manganese from smelting or combustion processes is often present in
fine particles with high concentrations of manganese as oxides {(up to 250
mg/q). Organic manganese usually s not present in detectable concentra-
tions.

Oxides of manganese arz thought to undergo atmospheric reactlions with
sulfur dioxide or nitrogen dioxide to give the divalent sulfate or nitrate
salts. Manganous sulfate has been shown to catalyze 302 transformation to
sulfuric acid, but the manganese concentration necessary for a significant

catalvtic effect has been disputed.

2-3
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Atmoyv: rlc manganese is transported by atr currents until dry or wet
deposition occcurs. In New York City, dry deposition occurred more quickly

for manganase than most other metals, because 1t tended to be present in

larger particles. Ory deposition of manganese averaged 300-670 ng/cmz/
month, whereas wet deposition w3gs ~120 ng/cmz/month. Jver much of the
United States in 1966-1567, wel depc-ition of manganese raczaged from <10-540
ng/cmz/month. Near a ferrcmanganese plant in 1964-1955, dry deposition
was as high &3 19,300 ng/cme/month.

In water or soil, manjanese s usually present as the divalent or tetra-
valent form. <ivalent manganese is soluble and relatively stable in nautral
or acidic condilions. Munjanesc¢ tends to be mobile in oxygen-poor soils and
13 the groundwéier envivonment. Upon entering surface water, manganese 1s
ox1ciz"d ard precipitated, primarily by ticterial action If tne sedirents
are transoccted te 3 reducing esvironment such as lake .cttom, her cer,
micra%ial reductica :3m occur, L2using re release of Iivaient manganese
the witer column. Mangane<: 1s bioconcestrated (by a faoicr of.103-104)
tn Tower erganisms; hawevir, the ccaceatration Ffsctor decreases (10-!02)
as trodhie Gevel incraases.  Thu: Piomigrificatinn of mancanese does not
ocCur .

A rough assessment of coends fa aationw'ie air sampling data indicates
that manganese concentraticas hava decilnad during the period of record.
The aritametic mean manganese concentratisn of wrban air samples decraased
from 0.0 pg/m3 fn 193.1957  tn £ .51 uq7m3 in  1356-1967, 3Ind ‘o
0.033 yg/m3 in 1982. In 1953-1957, thz rercentage of wurban stations

with an annual average of >C.3 ug/m3 was ~10X. By 1369 these had

dropped to <4%, and since 1972 the number has been <1%.
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The highest manganese concentrations, with some observations exceeding
10 uq/ma, wvera seen in th. 1960s In areas of ferromanganese manufaclure.
More recent measurements in these areds indicated decreases of at least an
order of magnitude had occurred, ailthough definitive studies were not
avatlable.

Manganese 1s assoclated with both fine (<2.5 ym) and coarse
(>2.5 ym) particles, hut the manganese concentration 1in each fraction s
highly variable. On the average, <16% of manganese in aerosol mass s found
in fine particles; however, i1t is estimated that in some situations the fine
fraction could centain as much as S0%.

Manganese concentrations 1in nonpolluted freshwaters are wusually <20
ug/%, but may; exceed 1000 ung/t where polluted. Concentrations 1in
groundwater typicclly are higher than 1{in surface water. Concentrations
>1000 ug/r are tound n some drinking waters, but ~95% of water
supplies contain mantanese at <100 ug/t. A median concentration of. 4
wy/¢ for public supplies has been reported.

Total human exposure to manganese may be estimated from Information on
levels 1in aif, water and dlet. Inhaled particles can be deposited either
extrathoracically, in the tracheobronchial region, or 1n the alveoli. Time
required for particle clearance and probabiiity of absorption increases with
increasing depth of deposition 1in the respiratory tract. Deposition of
manganese in the alveol} can be calculated from the ambient concentration
and the fraction present in fine particles. Thoracic (tracheobronchial plus
alveolar) deposition 15 cailculated from estimates of the manganese found in
nartici~s <15 uym 1in size. Alveolar deposition of manganese at current
ambient levels 1s estimated as 0.072 ug/day as an average and 5.6 ug/day

under high expusure conditions. Estimates cf total thoracic deposition are
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s1ightly higher; 0.26 ug/day (average) and ‘10.0 ug/day (high). Alveolar
and total theracic deposition wunder the high exposure conditions (10
ug/m3) noted at certalin 1locations in the 1960s were estimated to Lte 100
and 152 ug/day, respectively.

Oiet 1s the main source of ingested manganese. Average adult intake has
been variously estimated at 2.3.5.5 mg/day. On a body-weight basis, expc-
sure increases from 0.002-0.004 mg/kg/day in infants to 0.06-0.C8 mg/kg/cay
in adults. Orinking water usually comprises only a very small proportion of
total 1iIngestion exposure. The median in.cke level via drinking water 1is
~0.008 mg/dav, but can be as high as ~2.0 mg/day for some water
supplies. The 1ingestion of particles cleared from the respiratory tract 1s
an even smaller source, probably constituting no more than 0.01 mg/day under
the highest ambient exposure conditlons currently observed.

2.2.  SUKMARY Of BIOLOGICAL ROLE AND HEALTH EFFECTS

2.2.1. Blological Role. Manganese is widely disiridbuted within the human
and animal body in constant concentrations which are characteristic for
individual tissues and almost {independent of the species. The highest
values of manganese 1in humans are found 3in. Viver, kidney and endocrine
glands. Manganese has been shown to penetrate the blood-braln and placental
barriers. Animal data indicate a higher manganese accumulation in suckling
animais, especially in the brain.

Manganese elimination from the body 1s accomplished mainly via feces.
Billary excretion is predominant under normal conditions although excretton
via the pancreas and fintestinal wall are considered to be important in
conditions of diliary obstruciion or manganese overload. In humans and v

animals erinary excretion is low. The total body clearance of manganese in

humans can be described by a curve which 1s the sum of at least two exponen-

Rl =
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t1al functions with half-times of 4 and 40 days, respectively. However, the

RSN

physiolagical significance of the estimated half-times cannot be obtatned
Trom this data. €ZE§
Manganese metabolism 1s rigorously controlled by homeostatic mechanisms.
The homeostatic control is primarily exerted at the level of excretion; how-
ever, the site of gastrotntestinal (GI) absorption may also be an impor. °*
control point. The absorption, retentton and excrettion of manganese e
interrelated and respond very efficlently to an increase in manganese
concentration. The GI absorption depends not only on the amount ingested
and tissue lavels of manganese, but also on manganese biloavailability ard
interaction with other metals. The influence of tissue ccncentrations on
the excretory mechanism is stil1l unknown.
[t s generally accepted that under normal conditions 3-4X of orally
tngested manganese 1s absorbed in man and other mammalian spectes. Gastro-
intestinal absorption of manganese and iror: may be compeiitive. This inter-
action has a limited relevance to human risk assessment under normal condt-
tions. However, it does lead to the hypothesis that firon-deficient individ- R
uals may be more sensitive to manganese than the normal individual. '
2.2.2. Toxicity. The acute toxicity of manganese 1s greater for solubie
comoounds and via the parenteral route. Acute poisoning by mancanese 1in
humans s very rare. Along with 2 number of other metals, freshly formed
manganese oxice fumes have been reported to cause metal fume fever.
The major systems affected by chronic exposure to mangarese in humans
are the CNS and pulmonary systems. The neurological disorder known as
chron‘c manganese potisoning, or mangantsm, resulting from occupdtiondl
exposures to manganese dusts and fumes 1s well documented. CEarlier studies

report advanced cases of manganism in various miners, but more recent
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studies report cases showing neurological symptoms and signs at much Yower
exposure concentrations.

These reports tinclude no longitudinal studles and are therefore not
adequate to identify a dose-response relationship, but do permit the iden-
tification of the lowest-observed-effect level (LOEL). The full clintcal
picture of chronic manganese poisoning Is reported less frequently at
exposure levels below 5 mg/ma. The reports of a few early signs of
manganism in workers expased to 0.3-5 mg/m3 suggest 0.3 mg/m3 {300
ug/mg) as a LOEL. The data aval 2le for identifying offect levels
below 0.3 mg/m3 is equivocal or ‘n.;aquaté. This s further compliicated
by the fact that good blological ~dicators of manganese exposure are not
presently available. Also, t%ere are nelither human nor "animal data
suggesting the ra:e of absorption of manjanese through the lung; therefore,
extrapolating from other rontes ¢- exsosure would be difficult,

Only one animal study utiylizes Inhalation exposure to study neurotoxic-
1ty, resulting in no exposurc-relatad effects on electromyograms or 1limb
tremor effects in monkeys after 2 munths exposure to 11.6, 112.5 and 1152
pg/m3 Hn304.

Chronic treatment of rats wied BnCl, in the drinking water throughout
development 1s assoctated with selective regional alterattion of synaptosowl
dopamine uptake but not of serotoninr or noradrenaline uptake. The brain
regional manganese concentrations show dose-dependent increases and 1in
treated animals, the changes in synaptosomal dopamine uptake ¥s assoclated
with decreased behavisral responses to amphetamine challenge. These
observations are consistent with the hypothesis that tn chronic manganese
toxicity the central dopaminergic system Vs disturbed, providing a mechanis-

tic explanation for the extrapyramidal disturbances seen 'n human mangantsm.
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The toxic effects of manganese on the pulmonary system vary in type and
severity. There are sev2ral reports of humans developing pneumonia after
occupational exposures to manganese at levels higher than the present TLY of
5 mg Hn/m3. Chronic bronchitis has been reported to be more prevalent in
workers exposern to 0.4-16 mg/m3, but below 0.04 mg/m3 140 ug/m3)
respiratory symptoms were not lncreased over controis. However, conclusions
about these exposure/response relatlonships are limited by the broad range
of exposure values. Also, the health effects of simultaneous exposures to
other toxic substances, such as s'lic3a, have also not been thoroughly
examined.

One study in schoolch'ldren supported an assoclation between increased
respiratory symptoms and exposure to the manganese dusts emitted from a
ferromanganese plant at levels estimated to correspond tv 3-11 pg/ma.
The study involved several hundred children, had a participation rate of
over 97% and documented monitored levels for settled manganese dust for
several years. It s plausible that exposure to manganese may Iincrease
susceptibtitity to pulmonary disease by disturbing the normal mechanism of
lung clearance.

Inhalation studles of pulmorary effects in animals show the occurrence
of acute respiratory effects when the level of c¢xposure exceeds 20 mg/m3
¢t Mn0_,. Mice ard monkeys exposed to MnO, via inhalation showed patho-

2 2
Togical effects at 0.7 mg/m3 after 4 days of exposure. This represents

the lowest level at which adverse effects were observed after inhalation

exposure to Mn0 There Vs 1ittle data on toxicity after chronic exposure

>

to Mn0, levels between 0.1 and 0.7 mg/ms. Several studles do exist

2
where animals were expcsed to ~0.1 mg/m3 Mn0 as Hn304 particle or

aerosols of respirable particle size, an appropriate form for health risk

2-9
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evaluation for a‘rborne manganese. These studies have a variety of defi-
ctencles such as lack of description of patholegical exam?nation.' small
study stze and short exposure period. Thz clusterino of negative results
around this Jevel suggests that major adverse effacts such as gross patho-
Togical changes are ahsent.

Reports of impotence in a majority of patients with chronic manganese
poisoning are common, however, no other supporting human data are avallable.
Existing animal data addressing reproductive fallure 1in males describe
long-term dietary exposure to manganese. Results show that dietary levels
up to 1004 ppm as Hn504-7N20 and up to 3550 ppm as Hn30‘ were
almost without effect on reprocductive performance. However, these and other
observations need to be verified using well-defined reproductive testing
protorals.

ATthouyh other effects of exposure to manganese have been reported 1in
:nimals, none have been observed consistently. In some cases the mplica-
t‘ons for human health are uncertatin. |

Tnere is some evidence of carcinogenic activity of manganese in labora-
tory animals in the 1literature, although problems exist with regard to the
value of these studies (1.e., local injection site sarcohas in F344 rats, a
marJinal response in Strain A mice, and inadequate data in the experiment
with DBA/1 mice). There is no epidemiologic information relating manganese
exposure to cancer occurrence in humans.

Divalent manganese fon has elicited mutagenic effects in a wide varilety
of microbtal systems, probably by substitution for magnesium lon and inter-
ference with DNA transcription. Attempts to demonstrate mutagenic effects

of manganese 1n mammalian systems have fatled to show significant activity.

Two recent studies suggest that excess manganese during pregnancy affects




behavioral parameters, but there is insufficient evidence to define manga-
nese 3s teratogenic.
2.3,  CCNCLUSIOAS

The effects of major concern to humans exposed to manganese are chronic
manganese poisoning and a range of pulmonary effects. The effects on the
CNS are incapacitating and generally irreversidble in its fully developed

form, and have been reported at manganese exposure levels above 5 mg/ma.

There have been no reports of CNS effects below 0.3 mg/m3 exposure. Data
s equivocal bdbetween 1 and S rng/m3 but <suggest decreased prevalence.
Studies below 1 mg/m3 report some signs of the disease. There 1is little
sucportive animal data.

The pulmonary effects include pneumonia and chronic bronchitis at levels
which are also assoclated with neurological effects. An Increased preva-
lence of temporary respiratory symptoms and lower mean values on objective
tests of lung function were reported iIn children exposed to an ectimated
3-1 pg/m3 from emissions of a ferromanganese plant. In comparison,
studtes of a smaller number of workers exposed to <40 ug/m3 resylted in
the concluston that symptoms were generally urrelated to exposure to manga-
nese. There are no data describing the effects of manganese exposure in
asthmaticec or other sensitive individuals.

Arimal studies report iIncreased susceptiblity to infectlon and radio-
logical chanjes in the lungs assoclated with manganese exposure, thus quali-
tatively supporting the respiratory =z2ffect as the endpoint of concern.
Respiratory symptoms occurred at lower levels than neurological symptoms and
are thefefore considered to be the critical effect.

The available evidence for manganese carcinogenicity in humans would be

rated Group 3 overall using the International Agency for Research on Cancer
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(IARC) criterta, because of tinadequate data in animals and lack of any
avatlable data in humans. Clearly, more information is needed before a more

definitive conclusion can be made about the carcinogenicity of manginese and

its compounds.
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3. GCNFRAL PYOPERTIES AND BACKGROUND INFORMATTCN
3.1.  PHYSICAL AND CHEMICAL PRAP{RTIES

Hénganese 's a ubiquttous element Yn the earth's crust, in water, and in
particulate matter in the atmosphere. Manganese wds recognized as a new
element by (.W. Scheele, Bergman and others, but it was first isolated by
J.G. Gahn in 1774 on reducing the d'oxide with carbon. Some ores have been
known and used since antiquity, e.g., pyrolusite (Hn02) in glass bleach-
ing (Weast, 1Y8U; Reldies, 1981).

Mi-inese . Mn) is a <teel gray, lustrous, hard o ittle metal, too
brittle to oe used unailoyed. It exists in four allotropic forms of which
the a-form s stable belew 710°C. Manganese has only one stable
na* "~al Aisotope, SSHn. T -aranese atom un the ground state has the

alactrontc configuri.ton (lsg) (252) (2p°) (352) (3p6) (3d5)

I | ind six possible orientatlons of :the §/2 nuclear spin (Matricard!
and Downing, 1981). Some physical properties of - .rese are listed in
Table 3-1.

Manga- "se exists in 1! oxidation states from -° to +7, including O,
since the outer electron levels, 305452, can Goodate up to seven elec-
trons. The ccmpounds most environmentally and economically i-_srtant are
those contatning Mn2®, Mn** and #a'*.  The ' 15 significant

Jjecause of .ne important oxide, Hn02. The +2 compourds are stable 1r .cid
soluticn but are read’ly oxidized )n alkaline medium. The +1 valence 1
found only in oxy-compounds (Reidies, 1981). Normal oxidation potentials of

manganese couples are given in Table 3-2.
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TABLE 3-3

Physizal Properties of Manganese*

Property Value
Atomic numoer ' 25
Atomic weight 54.9380
Density 7.43 at 20°¢C
Melting point 1244°C
Boiling point 1362°C
Specific heat 0.115 cal/g at 25.2°C
éf \} Moh's hardness 5.0
| Solubility Soluble 1n dilute acids; reacts

slowly In hot or cold water.

*Scurce: Weast, 1980; Matricard) and Downing, 1981; Reidies, 1981




TABLE 3-2

Normal Oxidation Potentlals of Manganese Couples?

Oxidation Reaction ge
State
Acid Solutien
0, 2 Mn = Mn2* 4 2e ‘.18
+2, +3 an':: Hn3' + e -1.51%
v2, +4 Mn%* + 2H,0 == M0, (py)” + 4H® + 2e -1.23
v2, +1 Ml o 4,0 = (Mn0,)” + 8H' + se 5
W, 46 Hn0, + 20,0 = (Mn0,)2" + 4H" + 2e 22.26
4, 47 HnOz(py)b v 2H,0 = (M0,)" + 4H" + Je -1.695
+6, +1 (Hno4)2': (Hno4)‘ v e -0.564
Basic Solution
0, +2 Mo+ 2(0H)" = Mn(OH), + 2e +1.55
+2, +3 Mn(OH), + (OH) ™ = Mn(04), + e -0.1
+2, +4 Ma(OH), + 25H) = Hnoz(py)b + 20 v 2e +0.05
+4, 46 Mn0, + 4(0H) = (HnO‘)Z- + M0+ 2e -0.60
N nnoz(py)f’ + 4(0H)" = (#0,)" ' 2H,0 + 3 -0.588
26, +7 (Mn04)2~ = (Mn0g)~ + e -0.568
dSource: Hay, 1967
b(py) indicates pyrolusite made from decomposition of Mn(NO3)p on

which consistent values can be obtained.
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3.1.1.  Manganese Compounds. Manganese forms numerous alloys with iron
{ferromanganese, silicomanganese, Hadfield manganese steel) and with other
metals 1ike aluminum alloys, aluminum-bronzes, constantan, manganese-bronze,

Monel, nickel-silver, and nickel-chromium resistance alloys. Several

important compounds of manganese are described below and in Table 3-3.

3.1.1.1.  MANGANESE (I) CQMPOUNODS --

3.1.1.1.0.  Methylcyclopentadienyl Manganese Tricarbonyl (MMT) --
CH3C5H4Hn(C0)3 or MMT is a 1light amber Vinn'd addcd to fuels as an
antiknock agent or smoke suppressant. It is formed by reactlon of methyl-
cyclopentadiene with manganese carbonyl ["nZ(CO)IOJ'

3.1.1.2.  MANGANESE (II) COMPOUNOS --

3.1.1.2.1. Manganous Carbonate -- MnCO3 occurs naturally, but the
commercial product is made by precipitation from manganese sulfate solu-
ttons. It Ys used in ferrite orodustion, animal feeds, ceramics, and as a

source of acid soluble manganese.

3.1.1.2.2. Manganous Chloride -- HnC]2 exists 1n anhydrous form and
as hydrate with 6, 4, or 2 water molecules. It }s used as a starting mater-
jal for other manganese compounds and in anhydrous form as a flux in magnes-
fum metallurgy.

3.1.1.2.3. Manganese  Ethylenebisdithiocarbamate  -- (CHZNHcsz)ZHn
s a yellow powder used under the name of “Maneb® as a funglcide. It Is
produced by treating a solution of manganous chloride containing sodium
hydroxide and ethylenediamine with carbon disulfide and neutralizing the
recuiting solution with acetic acid.

3.1.1.2.4. Manganous Acetate -- nn(czusoz) 2"“20 is tn
the form of pale red, transparent crystals. It s soluble iIn water and

alcohol. It 3¥s used as a mordant in dyeing and as a drier for paints and

varnishes..
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TABLZ 3-3
! Physical Propertles «f Some Mangdnese Compounds*
Name and Meiting Rotling
CAS Registry Valence Chemical Molecular Specific Point, Point, Solubtivty
Number formula Welight Gravity °C °C
1 Methylcyclopenta- ol CHaCoHgMn(CO) 4 218.09 1.39(209) 1.5 P k] Insoluble 1n H;0. Soludle
. dienyl manganese in a3t organic solvents
: tricarbonyl (®M7T)
¥ [12108-13-3)
Rangancus oxide 2 nnd 70.94 $.37(239) 1945 [nsoluble tn H30.
(1344-.23-0)
£ ' Manganous *2 MnCOy 114.94 3.125% Decomposes 65 mg/t {25°C)
, ) carbonate Soluble in dilute achd.
4 {598-62-91 Insoluble \n KHq and
1 alcohol,
4 Manganous *2 Mall; 125.84 2.991 650 1190 622 g/ 10¢C)
- chloride {25°) , 1238 g/2 (i06°C)
w [1713-01-5) Soluble 1n alcohol.
Insoluble in ether and KRHj.
;‘ Manganous *2 Hn(C2H302)2 . ANZO 245.08 1.589 Soluble 1n cold Hy0 and
- dcetate alcohol.
[15243-21-3)
Ranganous *2 MnS04 o HR0 169.01 3.25 Decompos2s Seluble in one part celd and
sulfate 850 0.6 part boitling water;
(1185-871-7) tnsoluble tn alcohol.
Trimanganese 02, 43 Mn404 228.81 484 1560 Insoluble \n Hy0.
B tetraouide
[V317-35-1)
Kanganese X RnO, 86.94 5.026 Decomposes Insoluble in hot or cold
dloxide 500-60C Hy0, HNQj, of acetone.
{1313-13-9) Snluble in HCI.
fotasstiua 7 KMnO4 . 158.04 2.103 Deconposes 28.3 g/v (0°(C)
permanganate (20°) 20G-300 250 g/ (65°C)
{1122-3¢4-1) Decomposes in alcohol.

Soluble Yn HyS04.
Very soluble in methyl
alcohol and acetone.

*Scurce: U.S. EPA, 1915, Reldies, 1981
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3.1.1.2.5. Manganous Oxide -- Mn0 is found in nature as mangannsite
and s manufactured by reducirg higher oxides wiih carvon monoxide or ccke
or by thermal decomposition of manganous carhbonate. It 3s 3 good starting
material for preparing other mancanous salts and has some use in ferrites,
‘n welding, and as a3 nutrient in agricultural fertilizers.

3.1.1.2.6. Mangancus Phosphate -- Mna(P04)2 's  made from car-
bonate and phosphoric acid. It s used as an ingredient of proprietary
st luttons for phosphatirg iron and steel.

3.7.1.2.7. Mangancus Sulfate -- Hnsoaono can be made by ireat-
ing any minganese compound with sulfuric aci¢. It is also a co-product in
the manufacture of hydroquinone. In pure state 1t 15 used as a reagent.
Its major use ts as 2 nutrtent in fertilizers and in animal reeds. '

3.1.1.2.8. Hanganese Soaps -- tinganese{II) salts of Ffatty acids
12-cthyl hexoste, liroleate, naphthenate, oleate, resinate, stearate, and
tallate) are used as catalysts for the oxidation and polymerization of otlls
and as pa‘at driers.

3.1.7.1.9. OCOther Manganese (I} Compounds -- Gther commercially
avallable Mn{Il; compounds include the acetate, Hurate, :hromate, fluoride,
format=, gluconate, glycerophosphate, hydroxide or ™“hydrate", hypophosphite,
n\trate,'nitrtte, 9r:hloraté. sulfide, and sulfite.

3.1.1.3.  MANCANESE (IV) COMPOUNDS --

3.1.1.3.1. Marganese Dioxide -- Hn02 ¥s the most ‘important Mn{IY)
compound and the most important commercial compound of manganese. In nature
it occurs as pyrolusite, the principal ore of manganese, as well as in

several other less common minerals. More than 90% of manganese dioxide is

used in the production of ferromanganese and other 3lloys and of manganese

metal. The rest is used for the production of dry cell batterles and chem-

fcals, and as an oxidant in the manufacture of some dyes.
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Manganese dioxlde s irsoluble 'n water. This property confers stabil-
tty, since the 1on Hn4’ ts unstable In solution. On heating, 't forms
ather oxides, anog, Hn304 and Mp0. Hydrated forms are obtained by
redaction of permanganates 1in basic solution. In acid solution it s an
oexYdizing agent. The classic axample Ys the oxidation of HC1 which has been

a convenlent means of chlorire generation both In the laboratory and In the

Weldon proress for manufaciuring chlorine commercially (hay, 1967).

MnD, + 4HC) o Mn“m4 . 2,0
M T, o MaSter. v 1201
4 1 2
warm
3+

M3l - nnz’c12 Lan0,

3

“anganous sulfate and oxygen are produced in hot sulfuric acidlin the
nresence ¢r 3 ilttle Mn0 as catalyst. Hydrogen fiuoride reacts with manga-
nese dioxid: at 400-500°C to produce manganous fluoride and oxygen (Hay,
1967).

Manganese dioxide can react with sulfur dioxide in two ways:

1. HnO2 + 502 - Hn504

2. Alternatively, it can occur stepwise:

2Hn02 + 3802 - Hn2(503)3 * 1/202

Hn2(80 - MnS.0, + HnSO3

3)3 2%

MnSO, + 1/202 - HnSO4

3
The end products of this serles of reactions are nnszoa (manganese
dithionate) and HnSO4 (Hay, 1967). Nitrogen dioxide also reacts stmilarly

with ﬁ102 to form manganous nitrite, Mn(N03)2 {Sullivan, 1969).

3-7




P77

3.1.1.4.  MANCANESE (VII) COMPOUNDS --

3.1.1.4.1. Dotassium Permanganate -- ?’..“nO4 is an important indus-
trial chemical as well as an analytical reagent [Reidtes, 1981). Its use is
based on ts oxidizing ablitty. It is used in the organic chemical indus-
try, in the alkaline pickling process, and in cleaning preparatory for
plating. it 35 also used for water purification and odor abatement 1in
virfous industrial wastes. Other permangarates, although less importint,
are alsy :zatlable commercially.

Manganese (VII[) permanganates (almos!t always potassium permanganate) are
used in 2 host of oxidatlons including reacticas with both 1inorganic and
organic compounds (hay, 1967). In moderately alkaline solution, the oxidiz-
ing reaction 1is:

ZKHnO4 + H20 - 2KOH + ZMnO2 + 3(0)
In neutral sciution,

2KMnO4 + MgSO4 (“iffer) s Hp0 — KySO4 + Mg(OH)y + 2Mn0y + 3(0)

while iIn acid :::itton Jt reacts as
ZKMnO4 + 3”2504 - K?SO4 + 2HnSO4 + 3H:1 + 3(0)

In organic reactis s (Jn04)_ s a most versatile oxidant, the activ-

ity of which can b2 oontrnlied to a great extent not only by the molecular

nacure of the compound unuergoinj oxidation but also by the acidity or
alkalinity and othe~ reactinn conditions. [t 3is poientially a more vigorous
oxidant than dichromate.
3.2.  SAMPLING AND ANALYTICAL METHOOS

Determination procedures consist of three main steps: sampling, sample
preparaticn and analysis. In trace meial determi. ation, sample preparation

oftten also includes a preconcentratton or a preseparation step.
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1.2.1. Sampling.

3.2.1.1.  AIR -- Virtually all of manganese present in air s inor-
ganic, in the form of suspended particulate matter, and s collected by
samplina procedures for atrborne particulates. Organic manganese compounds
in the gas phase are not rormally present in air in detectable concentra-
tions (see Section 3.5.2.1.), although sampling and analysis techniques have
been described (Ethyl Corporation, 1972; Coe et al., 1380). Therefore,
description of air sampling procedures will be limited to methods designed
for particulates.

3.2, In-plant Atr -- In the past, the impinger was widely used
for the sampling of particulate air contaminants (ACGIH, 13958). However,
owing to a low efficlency for particles smaller than 1 um In diameter
(Davies et al., 1951) and 1mpract1c§l handling and transportation, the
impinger has been replaced by filtering media: 1) glass fiber filters,
which have a low resistance to air flow, have high efficlency for submicron
particles, and are hydrophobic so that they can be weighed without trouble;
and 2) organic membrane filters, which are soluble in organic solvents and
strong acids. Electrostatic precipitators have also teen used In the work-
ing environment. They have a high col\ect\oﬁ effictoncy for particles of
all sizes, but are less practical and versatile in field use than filters,
and cannot be used in potentially explosive atmospheres.

3.2.1.1.2. Ambient Air -- High-volume (HI-VOL) samplers are frequent-
1y used to collect samples of airborne particles from ambient air for trace
metal analysis. These samplers typically use glass fiber filters, 20x25 cm,
and collect particles from about 2500 m3 of air 1in 24 hours. Severatl
hundred samplers of this iype are currently in use as part of the National

Air Survelllance Networks (NASN), and tinouscnrds are in use by state and
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local agencies {Thompson, 1979; U.S. EPA, 197%). Prior to 1977, filters
froa the NASN were composited for analysis on a quarterly basis, but since
then Improved analytical efficlency has enabled analysis of individual
filters (U.S. EPA, 137%a).

High-volume samplers with organic membrane filters of 10 cm diameter,
sampling 200 m3 of air over 24 hours, and low-volume samplers with mem-
brane filters of 2.5 cm diameter, sampling 25-30 m3 over a week, have also
been‘used {WHO, 1976; Saric, 1978). Manganese can be conveniently deter-
@ined on both membranous and f1brous.f11ters {Fuoas, 1980); however, fibrous
filters should not be usad when the method of analysis is x-ray fluorescence
{U.S. EPA, 1981c).

Particle size )s an Important factor in determining human exposure to an
ambient aerosol (see Secticn 3.6.4.1.). High-volume samplers may sample
particles as large as 50-100 wum Yn diameter ({Bernstein et al., 1976;
Thempson, 1979) 2nd thus do not provide any spec)ilc Informatlon on peo. -icle
stze. A variety of samplers ach'::ing some degree of particle size
discrimination have been used for amblent trace metal analyses, including
cascade impactors (Lee et al., 1972) and cyclones (Bernste'n et al., 1975;
Bernstein and Rahn, 1979). HMHowever, dichotomous samplérs are now most
widely used for this purpose. Samplers of this type separate fine and
coarse particles by us? of a virtual impactor (Dzubay and Stevens, 1975).
The fine particle cut-off (050), at which 50% of larger-diameter particles
are excluded, ranges from 2-3.5 um depending on the sampler used. A frac-
tioning inlet also s often used to determine the upper size 1imit for the
coarse fraction; O is normally set at 15, 15 or 20 um (e.g., U.S. EPA,

50
1981a). Particles for metal analysis are typically collected on a teflon or

cellulose filter of ~1 um pore tem 1 =025 cm2 surface area
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{e.g., Lewls and Maclas, 1980; Ozubay et al., 1982). Flow rates vary from
14-50 2/min, and sainpling times from 2-24 hours (e.g., Stevens et al.,
1978).

3.2.1.1.3. Stationary Source Emissions -- Glass fiber filters are
used for sampiing manganese particles in stacks, often in the form of a
filter thimble to ‘act2ase the sampling surface and thus reduce air flow
resistance.  For low temperature flue gases (=100°C), membrane or
cellulose Filters may be used as well. Sampling s usually performed iso-
kinettcally, and the filter holder is placed in the stack or heated during
sampling to prevent condensation. In the classical sampling train Ffor the
collection of particles (36 FR 24876; U.S. EPA, 1978a), the filter holder 1is
follcwad by a sertes of impingers for the collection of condensate 1n order
to measure molsture content and to protect the pump and the gas meter.
Impingers can be replaced by a condensor. Cascade impactors are avallable
for collecting samples of par*‘*rles oy size from the stack (P)lat et al.,
1970) and are sometimes preceded oy a cyclone to prevent the massing of
Yarge particles on the firs<! separation stage (Instrumentation for Environ-
menta) Monitoring, 1975).

3.2.1.1.4, Mobile Source Emissions -- Standard tests of motor vehicle

enissions measure only géseous pollutants (CO, NOx and hydrocarbons), but

for . 'ty vehicle- “3surements using optical methods are also
used (37 FR 24250). .o ui the filters in the sampling system
¥s to remove particles rr¢a the -5 stream. The compositi~n, m -~ Yead
content and particle size, nly
under experimental conditio . ¢ samples,

collected in lar- .we Federal emission




test cycle, were ciluted 8 to 1 with dry alr in arder to preven’ congunsa-
tion, and a known volume of the mixture was sampled through a membrane
i filter. )

Far particle size analysis, etther microscopic counting of electrostatic
precipitator samples (Hirschler and Gitbert, 1964) or sitze selective
sampling by cascade impactor was used (Mueller et al., 1963). The samples
were collected from a tallpipe by a prcbe {Ter Haar et &l., 1932) or else a
mixing lunne) was used for proportionz) sampling (Habibi, 1970).

3.2.1.2. WATER -- The sampling of water and wastewater can. be by grab
or composite sample (minimal portions 25 mi). Samples are collected in
battles of glass or plastic (U.S. EPA, 1973; King, 1971). Preparation of
bottles to prevent contamination is discussed by Moody and Lindstrom (1977),
and possible wall losses by Bond and xelly (1977).

3.2.1.3. " F00D -- According to the sampling objective, samples of food
consist of cooked, raw, or packed food. Piscator and Vouk (1979) described
three methods currently avallable for estimating intake of metals via food

égvma products:

T 1. To collect and analyze samples of single foodstuffs for the
metal, and then estimate the ingested amount of metal.

~ro
M

To coilect and aralyze cer*2in classes of fcod in the amounts
that are actually consumed and make estimates from that.

3. To collect and analyze duplicate sampies of the meals people
have eaten during a certain period.

The first of the three methods s recommended by the Foud and Agricul-
tural Organization/World Health Organization (FAO/WHO, 1977); the second
method has been used by the U.S. FDA (1978).

3 2.1.4, SOIL -- Samples of soll are collected either drea wide or

along 3 transect. The vartability in the soll complex makes 1t desirable to

take paired samples.
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Profile samples are collected elther by digging a hole at a sample site
and taking an undisturbed slice from the side of the hole, or layer by layer
to t depth desired. The samples are screened to remove organic matter,
stones, and lumps, and are thoroughly mixed. A more detalled aescription
can be found in Bear {1964).

3.2.1.5. BIOLOGICAL MATERIALS --

3.2.1.5.7.  Urine -->Samp1es of urine are collected elther 1in glass
{AJemian and Whitman, 1969) or polyethylene bottles (Stoeppier et al., 1979)
with the additlon of redistilled HC) at pH 2, and are kept under refrigera-
tion before analysis. Preferably, 24-tour samples should be collected
{Tichy et al., 1971).

3.2.1.5,2. Blood -- Samples of blood are obtzined by venipuncture and
transferred to polyethylene tubes. [If serum ts used for further analysis,
blood {s allowed to clot and serum }s separated by centrifugation (D'Amico
and Xlawans, 1976). If whole blood s analyzed, heparin s added (Tsalev et
al., 1977). This, however, can Introduce contamination according to Bethard
et al. (1964), who used citrate dextrose as a coagulant. Additional possi-
“le sources of contamination are discussed by Cotzlas et al. (1966).

3.2.1.5.3. Tissue and Organs -- Tissue or organ samples should be
dissected with knives 'n a dust-free atmosphere, placed In a polyolefin
vessel, and stored deep frozen urit)l analysis (Stoeppler et al., 1979).

3.2.1.5.4. Hailr and Other Blological Samples -- Samples of hair are
cut close to the scalp (Gibson and DeWolfe, 1979) and stored in polyethylene
bags.

Samples of nalls (Hopps, 1977), teeth (Langmyhr et al., 1975), skin
{Parkinson et al., 1979), and sweat (Hopps, 1977) have also been used for

manganese analysis.
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3.2.2. Sample Preparation. While sampling i~ rather specific for various
environmental medla, the procedures for sample preparation and analysis are
often the same. Unless a nondestructive method Ys used for analysis, sam-
ples have to be transformed first into solution by dry, wet, or low tempera-
ture ashing and acid digestion. The conventional ashing in a muffle furnace
results in loss of 3 number of trace elements (Thompson et al., 1970), but
manganese can be treated by any ashing procedure without an appreciable
loss. After digestion of the samples with nitric acid, the acid has to be
expelled, and manganese in the restdue 1s dissolved in hydrochloric acid.

Glass Fiber filters ace not destroyed in the ashing procedure; there-
fore, it is better to remove manganese by acid extraction (Thumpson et al.,
1970) in order to avoid filtration which Ys a source of wall lossss in trace
metal aralysis (Hrsak and Fugas, 1580). Extraction, with a mixture of
nitric and hydrochloric acids, may be carried out by refluxing after ashing
of the sample (U.S. EPA, 1979a), or Dby sonification in the acids at
100°C, without ashing. The latter methdd ys currently used by the U.s.
EPA (1983a).

If small concentrations of manganese are present in a large volume of
sample (e.g., water or urine), 1t may become necessary to Increase the
concentration of manganese to a measurable level by reducing the volume of
the solution by evaporation. To avold contamination, nonboiling evaporation
in Teflon tubes (Boutron and Martin, 1979) or *"vapor fAltration* through a
vagor-permeable membrane (U.S. EPA, 1978b) have been used. A simultaneous
increase in the concentration of other subctances present in the sample ‘n
much higher concentrations mdy cause turbidity, coprecipitaton, or other

type of interference caused by the "matrix effect.* In such cases a pre-

separation <tep s indicated. It )s usually based on chelation, elther
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selective, e.g., with thinoyltrifluoroacetone  Garic, 1973 .7 nonselective,
as with 8-hydroxyguinoline (Ajemian and Whitman, ijc:, Kiinkhammer, 1980;
vanderborgnt and Yan frieken, 1977) and cupferron (Ven Ormer and Purdy,
1973; Buchet ot al., 1976) or by ‘on exchange on Chelex 100 (lLee et al.,
1977) or Dovex Al (R%ley and Taylor, 1968). Coprecipitation with dlethyl
dithiocerbamate (Watanabe ct «l., 1372) or dibenzyleith! .drbamate (L

et al., 1978) alsy has been appited for enrichment of samp'es as has
electrodeposition (Hundt'et al., 1979). Radlo-chemi.al separation s most
often used before the analysis of irradiaied samples (Cotzias et al., 1966;
Hahn et al., 1968; Versieck et al., 1973).

Samples of plants, raw food, or halr have to he cleaned before further
treatment. Care should be taken not to contaminate the sample during this
operation. Cetergents or solvents have been used for washing hair sampies.
However, while surface contamination )5 being remcved, weakly bound metals
also may be removed from halr. Hair washing procedures are discussed by
Chittleborough (1980).

3.2.3.  Analysis. The selection of avallable analytical methods for the
determination of manganese has 1increased in recent years, and methods of
preference have changed.

Some 20 years ago colorimetric (Standard Methods for the Examination of
Water and Wastewater, 1971) or spectrographic (Thompson et al., 1970}
methods were used the most. Polarographic methods had a number of support-
ers but never became very popular. Polarcgraphic and voltametric analyses
are now regaining some popularity since new techniques have been developed
with a high resolution and sensitivity, such as the pulsed stripping
technique (Flato, 1972). Colorimetric methods are stil) used, especially in

water analysts, and are now coupled with an autoiarilyzer (Crowther, i978).




The Introduction of atomic absorption spectrophotometry {AAS) in 1955
proved to be a turning point in analytical praciice. Although many cther
new and sophisticated methods have been developed, none has experlenced such
a wide acceptance as AAS. The tintroduction of Qelves cups (Delves, 1970},
and flameless techniques using the carhon rod (Matousek and Stevens, 1971)
and graphite furnace (Slavin et al., 1972), made 1t poscible to analyze
mcroltter sampies with Tittle or no pretreatment, a2lthough with Tless
precision and at a higher cost.

OC arc optical emission spectrometry (OES) was used by U.S. EPA uniil
1976 for multi-elemental analysis of NASN high-volume samples collected on
glass fiber filters (U.S. EPA, 1979a). The melhod currently used for this
purpose s inductively ccupled argon plasma cptical emission spectrometry
(ICAP) {U.S. EPA, 1983b). Since instrumental detection limits are lower
than mosc blank filter anaiyses, the 1imits of discrimination are determined
mainly by filter characteristics. The 1imit of discrimination for manganese
on filters used by the WASN in 1975-1976 was ~0.0025 ug/m3 (U.S. EPA,
1979a).

X-ray fluorescence (XRF) s also used 1in multi-elemert analysis
(6Y¥1frich et al., 1973). Problems include particle size effect (Davison et
al., 1974), self absorption (Dzubay .nd Nelson, 1975), and the preparation
of standards with a matrix matching that of the sample. ih\s methcd s not
used with fibrous filters, but s the most popular for use with membrane
filters, as are commonly used with dichotomous samplers. Detection limits
of ~20 ng/cmz of filter surface area have been 1Indicated for manganece.
For a 24-hour sampling period with typtcal filters and flow rites, datection

Timits of 0.002-0.007 ug/m3 in air are obtained (Dzubay and Stevens,

1975; Stevens et al., 1978).
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Neutron activation analys)s (NAA) has been used for the determination of
manganese in various environmental media, mostly in multi-element analysis
(Robertson and Carpenter, 1974). NAA suffers from interferences such as the
production of the same radioisotope by another element or one with a close
ragiation peak, bult most of these can be elimtnated by optimizing trrtua-
tion, decay, and counting times. The method 3s sensitive, bHut more costly
and less frequently available than XRF (U.S. tPA, 198l1c).
Both NAA and XRF are basica’ly nondestructive methods of analystis, but
1f & greater sensitivity 1s required, a separation and preconcentration step
cannot be avolded for aqueous samples (Lee et al., 1977; Buono et al., 1975;
Watanabe et al., 1972; Linder et al., :978).
Instrumental detecticn 1imits for manganese by several analytical tech-
niques are shown in Table 3-4. Reported sensitivities for any method vary
depending on the type of 1instrument, the preparation or enrichment of the
;ample. and on the way~of expressing the result. It ‘s difficult to compare
the sensitivities clalmed by researchers using varlou; methods since the
result mdy be expressed as absolute amount, concentration per mi of final
.solut1on, or per unit of measure of the medium from which the sample was
taken.

3.3.  PRODUCTION AND USE

3.3.1.  Productlon. The ferroalloy ‘ndustry uses manganeseipearing ore to
produce several manganese allcys and manganese metal. Production may be
carried out using a blast furnace, an electric arc furnace or'electrolytic-

ally (Bacon, 1967; U.S. E£PA, 1974; Matricardl and DJowning, 1981).

e
e
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TABLE 3-4
Relative Sensitivity of Some Important
Analvtical Technique: for Manganese*
Anaiytical Method Detectlon Limit
{ng)
Neutron activation analysis 0.005
Optical emission spectroscopy {3C arc) 10
Atomic absorption spectrophotometry 0.5
Spark source mass spectromatry 0.05
E
N <
B

*Source: U.S. EPA, 1975




for blast furnace norocuction of ferromanganese {an alloy'of manganese
and ‘ron} the furnace 1s charged with a blend of ores, coke and limestone,
or dolemite, ani cperited at low blast pressures. The composition of th2
charge Vs carefully controlled to d:crease the slag production, minimize
dust losses, anc allow wuniform gas distribution throughout the furnace.
This 1s done by carefui choice of the chemica) composition of the charge as
well as the size distripution. High manganese recovery s favored b,:
1) small sleg volume, 2} a basic slag, 3) high blast temperatures, .nn
4) codsze ores. The 1imit of capacity is determined by the loss of manga-
nese by volatilization. Blast furnace production of ferrcmanganese was last
used in this country in 1877; productior Ys now primarily by elec:ric
submerged-arc furnace.

In submerged-arc fu}nace production, the charge, consisting of manginese
ore, coke and dolomite, is placed in the furnace by continuous or intermit-
tent feed. Vertically suspencded carbon electrodes extend down 1into the
charge, anc¢ carbon reduction of the metallic oxldes takes place arourd the
electrodes. Carbon monoxi”e gas is produced in large quantities, and r';2s
from the charge carrying entrained fume particies. Submerged-arc furnsces
may have open tops, may be part&a]ly sealed (mix-sealed), or completely
sealed. The open furnaces vent larger guantities of gas cue to mixing of
air with the process gazes

SYlicomanganase s an alloy of manganese and iron, also produced by
smelting of ore in an electric submerged-arc furnace. It differs from
standard ferromanganese in that the furnace charge contains large amounts of
gquartz, and the resulting alloy . ,ower in carbon and higher in silicon.

For elartroiytic proouction of high-purity manganese metal, the ore 1is

leache¢ with sulfuric ac!d at pH 3 to form manganese sulfate. The solution
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is adjusted to pH 6 by the addition of ammonia or calcined ore to nreci-
pitate the 1iroan and aluminum. Arsenic, copper, zinc, lead, cobalt and
molybdenum are removed ;s sulfides after the introduction of hydrogen sul-
fide gas. Ferrous sulfide and air 1is added to remove collsidal suifur,
coiloidal metal suifides, and organic matter. The purif.ed Tiquid 1s then
electrolyzed.

Manganese metal can also be produced via a fused-salt eiectrolysis pro-
cess. The process is similar to the Hall method of producing aluminum. The
manganese ore s reduced to the manganese(Il) ievel and charged to an elec-
trolytic cell containing molten calclum fluoride and lime. The manganese is
formed in a molten state.

A number of compounds of managanese also are commercially produced.
Manganese oxide (Mn0) is produced by reductive roasting of ores high 1in
managanese dioxide (Mn02). Mn0 is an important precursor of several other
commercially-produced compounds, including electrolytic manganese dioxide, a
high-purity product formed by ole:irolysis of Mnd. Potassium permanganate
fs producec by a 1liquid-pha:e oxidation of managanese dioxide ore with
potassium hydroxide, followed by electrolysis (Reldles, 1981). Unitec
States production capacities for several compounds are shown in Table 3-5.

Manganese supply-demand relattonships for the years 1963-1379 are given
in Table 3-6 A small proportion of the manganese smelted in this country
's mined domesticiily, the bu]k' s Imported. However, ore 1imports have
declined recentiy since imports of allov and metal have increased and over-
all demand for ferroalloys has decreased somewhat. Domestic pfoduct1on of
ferromanganese has declined steadily since 1963; stlicomanganese production

has also declined recently (Table 3-7).

3-20




TABLE 3-5

Estimated United States Production, Cdpacity
and Use cf Selected Manganese Compounds*

Estimated
Product forrula U.S. Production Use
Capacity (mt/yr)

Electrolytic man- Mn05 18,000 Dry-cell batteries;

ganese dioxide ferrites

High purity man- Mn0 9,000 High-quality ferrites;

ganese oxlde ceramics; Intermediate
for high purity Mn{II)
salts

60% manganese oxide MnQ 36,000 fertilizer; feed addi-

tive, intermediate for
electrolytic manganese
metal and dloxide

Marganese sulfate MnS0, 58,000 Feed additive; ferti-
Tizer; intermediate for
many products

Manganese chloride MnCl, 3,000 Metallurgy; MMT synthe-
s¥s; brick colerant;
dye; dry-cell batteries

Potassium per- KMn04 14,000 Gxidant; catalyst; in-
manganate termediate; water and
air purifiler

Methylcyclopenta- CHaCgHaMn{CO)5 $00-1,000 Fuel additive
dienyl manganese
tricarbonyl (MMT}

*Source: Adapted from Reldies, 1981
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i TABLE 3.6
Manganese Supply-Demand Relationships, 1969-19799
3 {thousdand short tons, mangdnese content)
f . 1969 121y 197t 1912 1913 1974 1975 1916 1921 1970 1919
\ —————
: ¥or 1d Productyon
i
3 B Ning¢ production:
i . United States 9 6b 38 29 N 35 19 k1l 27 38 n
3 ' Rest of world 9,192 6,918 9,960 9,983 10,107 10,185 10,7191 11,001 9,547 9,544 12,4810
F.
'{ Total 9,289 9,044 9,998 13,012 10,738 10,220 10,810 11,038 3,504 $.482 11,5180
)
e Components and DVitribution of U.S. Supply
g Domestic mines 93 66 38 29 N 3 19 N 2 38 N
Shipment of Government
stockpile exceses 0 140 118 218 242 807 kI3 ) 294 358 219 264
Liaports, ore 992 847 938 193 122 593 166 649 454 218 244
laports, alloy and metal 251 238 212 308 330 316 46 418 481 604 108
w Industry stocks, Jdan. 1 1,180 1,241 L s 1,261 L0 918 1,183 1,399 Lm 1,092 1R}
]
z Total U.S. supply 2,512 2,532 2,481 2,626 2,512 2,189 2,623 2.8M1 2,693 2,291 2.058
Distribution of U.S. supply:
Industry stocks, Dec. 31 1,241 1,18 1,201 1,241 978 1,183 1,399 1,31 1,092 an 149
Exports, ore 10 10 25 12 29 107 12§ 6¢ 69 100 2%
Exports, alley and metal 4 20 H 7 n 1 6 10 9 v 30
Demand a1 1,321 1,110 1,366 1,554 1,492 1,133 1,364 1,623 1,363 1,250

U.S. Demand Pattern

Constructtion 268 260 252 236 325 m 243 . 238 240 219 2N
Transportation 253 226 &1 239 340 s 260 298 300 i 296
Rachinery 18% 116 15 171 229 245 185 186 188 216 217
Cans and containers 62 13 n 58 12 19 59 63 60 60 63
Appliances and 2quipment Sl 5V S S 68 68 47 S $3 49 59
0V1 and gas 'ndustries L) 42 L1} 4“4 63 69 64 53 63 14 10
Chemicals n n 35 S0 54 65 52 47 61 61 59
Battertes 20 0 19 '8 8 18 16 16 18 18 11
Other¢ 398 442 260 499 385 né6 201 410 __540 280 __180

Total U.S. primery demand 1V, 311 1,327 1,110 1,366 1,554 1,492 1,133 1,364 1,523 1,383 1,250

%Source: DeMuff and Jones, 1980
Bestimated

‘ln(ludn processing losses

6 d
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TABLE 3-7

Net United States Productlon
of ferromanganese and Silicomanganesed

Year ferromanganese Silicomanganese
(103 short tons) (103 short tons)

1982 (120)b (75)b
1981 193 173
1580 189 188
1979 k1N 185
1978 213 142
1977 334 120
1976 433 129
1975 576 143
1974 544 196
1973 683 184
1972 801 153
197 160 165
1970 835 193
1969 852 223
1968 880 284
1967 941 246
1966 940 253
1365 1148 .-
1964 229 203
1963 151 152
1962 181 136
1961 133 120

1960 843 101

dSource: U.S. Bureau of Mines (Jones, 1982; DeHuff and Jones, 1981;
DeHuff, 1961-1980)

bEstimated gross production; exceeds net production {U.S. Bureau of Mines,
1983)
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3.3.2. Use. Thz principal use of manganese s in metaillurgy, which
accounts for -95% of United States demand for all forms of manganese
{Reidies, 1981) and =99% of manqganese alloys dand metal {DeaHuff and Jones,
1981). ° ~1terity [>90%) of metallurgical use Ys in steel production, for
which many. . ‘ndispensible (Matricardt and QOowning, 1981; Bacon,
1967). its functinn Vs 3-fold: 1) it comdbines with sulfur, eliminating the
princtpal cause of hot-shortness; ¢) it acts as a deoxidizer or cleanser in
molten stee); 3) in certain steels 3t is used as an alloying element to
ihprove the strength, toughnecs, and heat-treating characteristics of
str.ctural and engineering steels.

Several different manganese alloys, as well as high-purity manganese
metal, are used to intrcduce manganese into steels, pig iron, and some non-
ferrous alloys (Bacon, 1967). The various forms are listed in Table 3-8,
along with their composition and use.

A minor use of manganese metal, in varlous powdered forms, s in mili-
tary and civilian pyrotechnics and fireworks. It 1s used to produce ex-
tremely bright flares and 1ighting devices. Annual consumption for this
application may be on the order of several hundred tons petr year.

A varlety of ccmpounds of manganese are .used in the chemical industry
and battery manufacture; these uses accounted for 4.7 and 1.4% of total
United States manganese demand In 1979 (see Table 3-6). Some major uses are
as follows: feed additives and fertilizers (MnO, HnSOA), coiorants in
brick and tile manufacture (various ox'des, HnC]Z). dry cell battery manu-
facture (electrolytic Hn02, HnClz), chemical manufacture and processing
(KHnOQ. HnCOa, HnClz) and fuel additives (MMT) (see Table 3-5).

MMT was Introduced In 1958 as an antiknock fuel additive (U.S Ci.

-

1952). This compound has been used at a concentration of 0.025 g Mn/gal in
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TABLE 3-8

Ccnmercial forms of Marganesed

Name

Compositiond

Use

High pur ity manganese

Low-carbon ferromanganese

Redium-carbon ferromanganese:

Stendard ferromanganese

Low-tiron ferromanganese

Splegelelsen

99.5X manganese
0.15X (max) hydrogen
0.030% {max) sulfur
0.005%X {max) iron
0.005% (max) carbon

0.001X (max) phosphorus,

aluminum, stlicon

95-90% manyanese

2.0% {max) s¥licon
0.07-0.75% carbon
0.2X {max) phosphorus
0.02%X fmax) sulfur

80-85% munganese
1.25-1.50% carbon
1.0% (max) stlicon
0.3X (max) phosphorus
0.02% (max) sulfur

18-82X manganese

up to 1.5X carbon

1.2% (max) silicon
0.35% {max) phosphorus
0.05% (max) sulfur

85-90% manganese
7% carbon

3% s¥Yicon

2% iron

16-19% manganese

6.5% carbon

1.0-3.0% stitcon
0.08% (max) phosphorus
0.05% {max) sulfur

ferrous metals:

free-machining steels

flat-rolted low-carbon steels
Non-ferrous metals (Ymproves strength, ductiltty and hot-rolling
properties)

aluminum ailoys

aluminum-bronze

constantan

mone )

everdur

nickel-chromium

nickel-silver

manganese-bronze for ship propellers

Stainless steels where low carbon content s essentiad

fFor use 3n steels with carbon specifications too low (o permit use of
standard ferromanganese

Used in production of Bessemer, open-hedrth and electric furnace steels
for forqing, rolled products, ard castings

cUsed In making alloys with non-ferrous metals such as aluminum, nickel,

and copper.

A white cast iron with low phosphorus and sulfur, used for making alloy
additions and as & clesning agent.

64
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TABLE 3-8 (cont.)

Name

Compositiond

Use

*RS* ferromanganese

*DQ* ferromanganese

Exothermic ferromanganese

ferromanganese-silicon

SV1icominganese

Calcium-manganese-silicone

Manganese-aluminum °
master alloys

80-85% manganese
1.25-1.50% carbon
0.35% stlicon

85% manganese
0.45% carbon
0.40%X stlicon
0.11% phosphorus

63-66X manganese

28-30% silicon

0.08X {max) carbon
0.05% (max) phosphurus

65-66% manganese
18.5-21% silicone
1.50% carbon 1
0.2% (max) phosphor.s
0.04% (max) sulfur

$3-59% silicon
16-20% calcium
14-18X manganese

15X manganese
25% altuminum

Used for making screw-stock where high silicon content descroys
machining properties.

Used as a manganese additive to steels for drawing quality steel sheets.

Briquets when added to -teel cause an exothermic reactiun--used for
ladle additions of monganese to prevent chilling.

for partial slag reduction and manganese additions in the productior of
tte 300 sertes of statnless steels, for large manyanese additlons to (he
200 sertes of stainless steels, and In nongrain-oriented stlicon
electric steels and low-cdrbun, low-alloy steels as a ladle addition of
manganese and silicon.

Used in open-hedrth steeimaking practice as a blocking agent {V.e., to

prevent the reaction betweer cirbon and oxyqen) for engineering steels
with carbon contcut of 0.10-0.19%.

In high quality stcel castings to improve tenst) strength, elongation,
and Ympact strength.

Used tn altuminum alloys to impart strength, hardness, and stiffness.

dSource: Bacon, 1967 and DeHuff, 1915

bComposttion is given for Grade A product; other grades wil)l have the same Impurities, but in a higher percentage. The bilance of each
composition necessary to make 100% Vs matnly iron.

Ged
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fuel o%l and 0.08-0.5 g Mn/g3l In turbine fuels, and hac been used to a
small extent in leaded gasoline (Ter Haar et al., 1975). Production prior
to 1974 was =500 tons/year (=125 tons Mn/year) (Piver, 1974). Beginning
Yn 1974, MMT was usei 'n unleaded gasoline at concentrations up to 0.125 g
Mn/qgal; use 1In the 12 montas prior to 3ts ban in September, 1978 was
reported by Ethyl Corporation as ~3750 tlons/year (-3940 tons Mn/year) (Hall,
1983b). Some adverse effects of MMT on catalytic converter performance and
hydrocarbon emissions wece reported (U.S. tPA, 1977b), d4and HMT use in
unleaded gasoline was banned in October, 1978. The ban continues in effect,
except that MMT use at 0.031 g Mn/gal was permitted during a 4-montn period
in 1972, due to a shortaye of unleaded fuel (44 FR 32281-32282). HMMT
continues to be used n =20% of leaded gascline at levels of =0.05 g
Mn/gal, and 1s used in Canada in the majority of unleaded gasolines at
levels of up to 0.0668 g Mn/gal (Hall, 1983a). Options for its future use at
Jow levels in United States unleaded gasoline continue to be studied (Hall,
1983a).

3.4.  SOURCES OF MANGANESE IN THE ENVIRONMENT

3.4.1.  Crustal Materials and Solls. Manganese s widely distributed in
the earth's crust. It 1s considered to be the 12th most abundant element
and fifth most abundant metal. Manganese ts exceeded n abundance by alumi-
num, iron, mignesium and titantium; it s more abundant than nickel, copper,
uranium, zinc, lead and vanadium. The concentration of manganese in various
;amponents of the earth's crust ranges from near zero to 7000 ug/g. A
rough estimate of the average concentration of manganese in the earth's

crust 1s about 1000 mg/kg (DeHuff, 1973). Turekian and Wedepohl (1961)
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suggested the following distribution of manganese, expressed in ug/g, for

the major units of the earth's crust:

F. Igneous rock: ultrabasic, 1620; basaltic, 1500: high-calcium
granitic, 540; low-calcium granitic, 390; and syen‘tic, 850

2. Secimentary rock: shales. 850; sandstones, essenttally zero;
anc. carbonates, 1000

3. Deep-sea sediment: carbonate, 1000; and clay, 6700
Hodgson (1963)v reported concentrations of manganese n ug/g for varilous
types of rocks and for so)l: 1000 in earth's crust; 2000 in basic rocks;
600 in acid rocks; 673 In sedimentary rocks; 850 in soils.

Manginese s a mulor constftuent of at least 100 minerals and an access-
o'y element in more than 220 others (Hewett, 1932). Manganese-containing
mirerals Anclude 2nhvdrous and hydrous oxides, carbondtes, anhydrous and
hylrous silicaies, sulfides, anhydrous and hydrous phnsphates, arsenates,
tungstaies, and borates. The most common manganese mineral, and the
nercentages of manganese contained therein are listed in Table 3-9.

Relatively 1ittle manganese 1s mined within the United States {Sittrg,
1976). Manganese deposits are well-distributed through the southern Appa-
lachian and Pledmont regions, the Batesville district of Arkansas and many
of the western states. These deposits have been exhausted in terms of mining

for profit at existing or appreciably higher prices. There are large

low-qrade wanganese deposits extending for miles ajong both sides of the '
Missourt River in South Dakota and large low-grade deposits in the Cuyuna
Range of Minnesota, in the Artillery Mountains region of northwestern
Arizona, 1in the Batesvilie dtstrict of Arkansas, in Aroostok County 1in
4cine, and to 3 lesser extent In the Gaffney-Kings Mountain district of
North Carolina and South Carolina. Manganese ore (>35% Mn) s no longer
mined In the United States, but some manganiferous ore {5-35% Mn) )s mined

in Minnesota, New Mexico and South Carolina (DeHuff and Jones, 1980)
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TABLE 3-9

Manganese Content of Selected Minerals?*

Mineral Formula Manganese Content (%)
Pyrolusite Mn0, . 60-63
Manganite MnO{0H) 62
Hausmaanite Mn,0, 12
Rodochrosite MnC04 47
Rhodonite MnS$104 42
8rauntte ~ 3Mn;04, MnS104 63
Pyrochro‘te Mn(0k)o 61
Alabandite MnS 63

*Snurce: Hewett, 1932
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Researcners report varlous concentrations of mangarese 1in different
types of sol¥ls. Swaine {1355) reperted a range of 200-3000 uq/g for total
content of manganese in most so0lls. Wright et al. (1955) studied virqgin
profiles of four Canadian soll groups and reported 4 manganese content of
250-1380 yg9/q. Swaine and Mitchell (1960} studied representative Scottish
soll and reported a range for total marganese of 50-7000 ng/g n adr-dried
soil. Shackleite et 3). (1971) analyzed various o'l samples in the United
States and reported a range of manganese content from <1-7000 ugrsg, with
an arithmetic mean of 520 ug/g.

Ccrusta) materdals are entrained into the atmosphere by 2 nuinber of

natural and anthropogenic processes, and thus compose an impcrtant fraction -

cf atmocpheric particulate. These processes Include vehicle suspension of
road dusts, wind eroston and suspensicn of soils {especially through agri-
culture or construction activities), and quarrying processes (Dzubay et al.,
1981). The resulting, mechanically-generated aerosols consist primarily of
coarse particles (>2.5 um) (Dzubay, 1980). Since manganese s 3 typical
constituent of these dusts, <ome researchers have used this element as a
tracer to determine the degree of contributions from these sources 'n
ambient aerosol (Kleinman et al., 1980; Kneip et al., 1983).

Several other processes also result in the ejection of crustal materials

to the atmosphere; for example, the smelting of natural ores and the combus-

tion of fossi) fuels. ‘owever, these differ from the above categories in

that much of the matertal is released in tha form of fume or ash in the ¢ine
particlie range {<2.5 um). In addition, these tend to be point sources
sublect to control measures, whereas the above typically are not. These
tndustrial and comustion grocesses will be discusscd In Section 3.4.2. The
relitive contributions of all sourres to fine and coarse particulate in

ambient air will then be dizcussed in Section J3.4.3.
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5.4.2.  Industrial and Combustion Processes. Manganese )s releised to the
atmosphere during the manufacture of ferroalloys, iron and steel, other
alleys. batterles, and chemical products. Combustion of fossi) fuels 1lso
resuits in releasa. Emiscions from these sources in 1968 were estimated by
the U.S. 7 v (1871), as shown 1in Table 3-10. This national inventory
“nat nearly h3lf of. all industrial 3ind combustive emission: of
A < w2re from ferroalloy ranufacture, over one-third were f.om iron
ind steal) manufacture, apout one-tenth were from fossil fuel cornbustion, ang
Nt amenats (<T7h) were cenerated by other processes.  Swnes 1968, pro-
13888, - trae weasuras, and production volumes have changed substantially
Yr cany catzxgories.  Thus the emissions estimates in Table 3-10 will be used
+ as a bas's for d'scussion; more recent emissions estim2izs are not
ivdtiable. The most ‘Ympourtant sources are Jiscussed iIn the following
sictions.
3.4.2.1.  FERROGALLOY  MANUFACTURE -- The ~anufacture of manganese
ailcys 2rrd wet3l has been the ma)or source of manganese emissions to the
atmosphere (see Table 3-10), and has been responsidle for the highest
recorded ambient manganese concentrations (see Section 3.6.1.2.). Dust
varying from 3-100 yumw n size 1s emitted from crushing, screening, drying
and mixing of both raw materlals (~0.3% loss) and product (~0.5% loss),
but the majority of pollution s from the furnace (U.S. EPA, 1981b).
furnace particulate emissions contain 15-25% manganese, primarily in the
form of oxides. Stlicates are a second major constituent. Particle size is
predominintly fine (<2 um).
Total U.S. emissions of manganese from ferrcalloy manufacture were
estinated at ~8400 mt in 1965 (see Table 3-10) but current emissions are

prebably much lower. Producticn of ferromanganese and s)llcomanganese, the
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